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Myopia is a major public health problem and the prevalence of myopia in 
Singaporean children is one of the highest worldwide.  A better understanding of the 
refraction and ocular components developments during childhood will enable better 
public health interventions for the prevention of onset and progression of myopia in 
children and adolescents. 
Yearly cycloplegic refraction and ocular biometry measures collected from the 
school-aged children enrolled in The Singapore Cohort study Of the Risk factors for 
Myopia (SCORM) throughout the children’s elementary education were analysed.  
The children were classified into one of five refractive error groups based on the 
spherical equivalent of the randomly selected eye, measured during their ages of 6 to 
13 years old for: persistent hyperopia, emmetropising hyperopia, persistent 
emmetropia, newly developed myopia and persistent myopia. 
The overall aim of this thesis is to evaluate the ocular biometry growth, 
refractive error pattern and their correlations with quality of life in Singapore school-
aged children.  The aims include: i) To examine the changes in ocular components in 
children with emmetropia and those with refractive errors, including hyperopia and 
myopia during their ages of 6 to 13 years old, ii) To assess the changes in refractive 
error and ocular components before and after the onset of myopia among children, iii) 
To illustrate and present the utility of fractional polynomial in modelling longitudinal 
data in myopia, and iv) To assess the impact of presenting visual impairment and 




Our findings showed that the axial length and vitreous chamber elongated with 
time with younger children showing a more rapid elongation which slowed with age.  
Faster elongation of axial length and vitreous chamber over time were observed in 
children with myopia when compared to those with emmetropia.  There was a U-
shaped growth curve for lens thickness and inverted U-shaped curve for anterior 
chamber depth.  Our findings of early lens thinning followed by thickening, suggest a 
two-phase growth in the lens. 
The eyes were found to have more negative refractive error, to grow longer 
axially, and have deeper vitreous and anterior chamber appearing at 2 to 3 years 
before the myopia onset in Asian children.  The differences in corneal radius of 
curvature and thickness of lens were minimal between children with newly developed 
myopia and emmetropia.  The spherical equivalent and major ocular components 
could potentially be used to predict the development of high myopia in children. 
Our findings also indicated that the health-related quality of life (HRQoL) of 
children and adolescents was not compromised by refractive errors.  The HRQoL of 
those with myopia, hyperopia, astigmatism and presenting visual impairment was not 
significantly lower.  Similar results were found for the HRQoL reported by their 
parent proxy.  Notably, our findings suggested that healthy adolescents with 
presenting better-seeing eye visual impairment reported lower total, psychosocial, and 
school scores.  The concordance in QoL measures between adolescents with 
presenting better-seeing eye visual impairment or refractive errors and their parent 
proxy were small. 
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CHAPTER 1  INTRODUCTION 
1.1 AIMS AND OBJECTIVES OF THESIS 
The overall aim of this thesis is to evaluate the ocular biometry growth, 
refractive error pattern and correlations with quality of life in Singapore school-aged 
children. 
Aim 1: To examine the changes in ocular components in Singapore children 
with different refractive errors from ages of 6 to 13 years 
Aim 2:  To determine the changes in refractive error and ocular components 
before and after the onset of myopia among the Singapore children who developed 
myopia between ages 6 to 13 years 
Aim 3: To illustrate and present the utility of fractional polynomial in 
modelling longitudinal data in myopia 
Aim 4: To assess the impact of presenting better-seeing eye visual impairment 
and refractive errors on health-related quality of life measures in children and 
adolescents of Singapore 
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1.2 DEFINITION OF MYOPIA 
Myopia, commonly referred to as near- or short-sightedness, is the most 
common type of refractive error.  It is one of the major causes of visual disability 
throughout the world.  Uncorrected refractive errors that is myopia, hyperopia or 
astigmatism were ranked second, after cataract in the leading causes of blindness and 
vision impairment by the World Health Organisation.(World Health Organisation, 
2009)  Myopia is a complex ocular disease, in which both hereditary and 
environmental factors (such as parental myopia, near work, outdoor activities, stature, 
parental smoking and intelligent quotient) contribute to the development of myopia.  
Unfortunately, the cause of myopia largely remains elusive. 
Myopia is defined as that state of refraction in which parallel rays of light 
from an object are brought to focus anterior to the retina and thus the distant object 
cannot be perceived distinctly.  Emmetropia is a state of refraction in which the image 
is focused perfectly on the retina. When the image is focused behind the retina, this is 
described as hyperopia.  Most infants are hyperopic at birth and as the eye grows in 
the subsequent years, they become less hyperopic as their ocular axis elongates, with 
thinning of the lens and flattening of the cornea.  In general, this will lead to 
emmetropia by age 8 to 10 years.(Hosaka, 1988)  This process is now generally 
described as emmetropisation and it is a regulating process which seeks to reproduce 
the theoretically perfect eye, by which an excess of one constituent is balanced by 
moderation in another.  The eventual refractive states of the eyes are ranging from the 
greatest degree of hyperopia through emmetropia to the greatest degree of myopia. 
The refraction of the eye is determined by corneal power, anterior chamber 
depth, lens power and the axial length of the globe.(Curtin, 1985)  The total refractive 
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power of the eye results from the additive powers of the cornea and lens as modified 
slightly by the anterior chamber depth.  The correlation of this refractive power and 
axial diameter of the globe determines the refractive state of the eye.  In those with 
myopia, the posterior focus point which is ascertained by the refractive power, lies in 
front of the retina.  This condition may occur as the result of: i) an excess of corneal 
power, lens power or both for a normal axial length, or ii) the axial length being 
longer than normal or merely longer than that which is compatible with the refractive 
power of the normal eye. 
Refractive error is commonly measured as spherical equivalent (SE) in diopter 
(D) on a continuous scale and SE is defined as sphere power + half negative cylinder 
power.  In epidemiological studies, the myopia is measured by the spherical power in 
diopters of the diverging lens needed to focus light onto the retina.  To date, however, 
there is no universally accepted definition of myopia.  Commonly used definitions 
include SE of at least –0.5, –0.75 or –1.0 D.  Other classifications that have been used 
include ‘moderate myopia’ defined as SE of at least –3.0 D, and ‘high myopia’ 
defined as SE of at least –6.0, –8.0 or –10.0 D. 
1.3 PREVALENCE OF MYOPIA 
Myopia is an ocular disorder of major public health problem in many East 
Asian urban cities, especially in Singapore, Taiwan and Japan.(Saw, Katz, Schein, et 
al., 1996)  A study conducted in Taiwan found that 95.9% of university freshmen 
were myopic.(T. J. Wang, Chiang, Wang, et al., 2008)  In Singapore, a high myopia 
prevalence rate was reported to be 79.3% among a cohort of 15,095 military 
conscripts, while a prevalence rate of 38.7% was observed among the Chinese aged 
40 to 79 years in the Tanjong Pagar district.(Wong, Foster, Hee, et al., 2000; Wu, Seet, 
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Yap, et al., 2001)  The Tajimi study in Japan showed a higher prevalence rate of 
41.8% in adults aged 40 years and older.(Sawada, Tomidokoro, Araie, et al., 2008)  
The prevalence of myopia in adults is higher in these Asian countries when compared 
to other parts of the world, including the United States of America (USA) (26.2% in 
adults aged 43 to 84 years in Beaver Dam Eye Study; 22.7% in adults aged 40 years 
and older in Baltimore Eye Survey), China (26.7% in adults aged 30 years and older 
in Handan Eye Study; 22.9% in adults aged 40 years and older in Beijing Eye Study), 
Bangladesh (22.1% in adults aged 30 years and older in National Blindness and Low 
Vision Survey of Bangladesh), Australia (15% in adults aged 49 to 97 years in Blue 
Mountains Study).(Attebo, Ivers & Mitchell, 1999; Bourne, Dineen, Ali, et al., 2004; 
Katz, Tielsch & Sommer, 1997; Y. B. Liang, Wong, Sun, et al., 2009; Q. Wang, Klein, 
Klein & Moss, 1994; Xu, Li, Cui, et al., 2005) 
Myopia is one of the most common childhood ocular diseases.  Several 
population-based or community-based epidemiological studies on the prevalence rate 
of myopia in children and adolescents have been conducted in different ethnic and 
cultural groups over the past two decades.   These studies are summarised in Table 1 - 
1.  The prevalence of childhood myopia varies in different parts of the world.  A high 
prevalence has also been reported in East Asian cities, especially amongst those of 
Chinese origin in Taiwan, Hong Kong and Singapore. One of the earliest population-
based studies conducted in 11,178 Taiwanese school students aged 7 to 18 estimated 
the prevalence of myopia increased from 12.0% at the age of 7 to 56% at the age of 
12.(Lin, Shih, Tsai, et al., 1999) The prevalence became 84% at the age of 16 and this 
rate remained unchanged until the age of 18.  A school-based study of 7,560 students 
aged 5 to 16 in Hong Kong showed a higher prevalence of 28.9% at the age of 7.(Fan, 
Lam, Lam, et al., 2004)  More than half (53%) of their children have myopia beyond 
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the age of 11.  Similar high prevalence rate at the age of 7 (29%) was reported in a 
school-based study of 1,453 Singapore Chinese children.(Saw, Carkeet, Chia, et al., 
2002)  These children developed myopia much earlier when compared to children in 
Taiwan and Hong Kong. Half of the Singaporean children have developed myopia by 
the age of 9.   
The international population-based Refractive Error Study in Children (RESC) 
programme conducted in eight sites from six countries has provided representative 
and comparative data for the prevalence of refractive error in school children aged 5 
to 15 years (Table 1 - 1).  The prevalence rate of myopia was 21.6% in a semirural 
cohort of China(Zhao, Pan, Sui, et al., 2000), while a higher prevalence rate of 38.1% 
was found in a urban cohort(He, Zeng, Liu, et al., 2004). The predominate Malay 
population in an urban area of Malaysia had a slightly lower myopia prevalence rate 
of 20.7%.(Goh, Abqariyah, Pokharel & Ellwein, 2005) In contrast to the children of 
Chinese origin, a much lower prevalence of myopia was found in other RESC surveys 
conducted in a rural area of Nepal (1.2%)(Pokharel, Negrel, Munoz & Ellwein, 2000), 
rural (4.1%)(Dandona, Dandona, Srinivas, et al., 2002) and urban (7.4%)(Murthy, 
Gupta, Ellwein, et al., 2002) India, urban Chile (7.3%)(Maul, Barroso, Munoz, et al., 
2000), and a semirural / urban area of South Africa (4.0%)(Naidoo, Raghunandan, 
Mashige, et al., 2003). 
The prevalence of myopia among 1,777 secondary school students aged 12 to 
17 years in urban Amman, Jordan was 17.6%.(Khader, Batayha, Abdul-Aziz & Al-
Shiekh-Khalil, 2006)  In a communities-based study of refractive error among 
Caucasian children and adolescents in the USA, aged 5 to 17 years, 9.2% of them had 
SE < –0.75D.(Kleinstein, Jones, Hullett, et al., 2003)  Another community-based 
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study in 2,583 American children and adolescents aged 6 to 14 years reported that 
11.6% had SE < –0.5 D and 10.1% had SE < –0.75 D.(Zadnik, Manny, Yu, et al., 
2003) A population-based study conducted in 2,340 Australian adolescents aged 11 to 
14 years has reported a similar rate of 11.9%.(Ip, Huynh, Robaei, et al., 2008)  
However, a lower prevalence rate of 1.4% was reported among younger children aged 
5 to 8 years in another Australia community-based study.(Ojaimi, Rose, Morgan, et al., 
2005) 
1.4 RISK FACTORS FOR MYOPIA 
Both hereditary and environmental factors have been associated with the 
development of myopia.(Mutti, Zadnik & Adams, 1996; Saw, Katz, Schein, et al., 
1996; Wallman, 1994) Multiple studies produced lines of evidence all point to a 
hereditary aetiology for myopia.  Twin studies provide the strongest conclusive 
evidence that significantly more concordant in myopia as well as ocular components 
(axial length, corneal radius of curvature and lens power) among monozygotic twins 
when compared to dizygotic twins.(C. J. Chen, Cohen & Diamond, 1985; Cohen, 
1983; Dirani, Chamberlain, Shekar, et al., 2006; Hammond, Snieder, Gilbert & 
Spector, 2001; Lyhne, Sjolie, Kyvik & Green, 2001)  A parental history of myopia is 
associated with higher risk of development of myopia in children.(Ip, Huynh, Robaei, 
et al., 2008; D. S. Lam, Fan, Lam, et al., 2008; Saw, Carkeet, Chia, et al., 2002; 
Zadnik, Satariano, Mutti, et al., 1994)  In addition, several myopia loci have been 
identified for a range of myopia severities in genetic studies.(C. Y. Chen, Stankovich, 
Scurrah, et al., 2007; Klein, Duggal, Lee, et al., 2007; Schwartz, Haim & Skarsholm, 
1990; Young, Ronan, Alvear, et al., 1998; Young, Ronan, Drahozal, et al., 1998) 
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Near work (typically measured by books read per week) as a major risk factor 
for myopia in children has been supported by epidemiologic data in different 
populations.(Ip, Saw, Rose, et al., 2008; Mutti, Mitchell, Moeschberger, et al., 2002; 
Saw, Zhang, Hong, et al., 2002)  Several studies are also suggesting a protective effect 
of outdoor activities on the development and progression of myopia in children and 
university students.(Dirani, Tong, Gazzard, et al., 2009; Jacobsen, Jensen & 
Goldschmidt, 2008; Jones, Sinnott, Mutti, et al., 2007; Mutti, Hayes, Mitchell, et al., 
2007; K. A. Rose, Morgan, Smith, et al., 2008)  Other documented environmental risk 
factors which may also affect myopia are stature, parental smoking and intelligence 
quotient.(Y. B. Liang, Wong, Sun, et al., 2009; Mutti, Mitchell, Moeschberger, et al., 
2002; Ojaimi, Morgan, Robaei, et al., 2005; Saw, Chia, Lindstrom, et al., 2004; Saw, 
Chua, Hong, et al., 2002; Saw, Tan, Fung, et al., 2004; Stone, Wilson, Ying, et al., 
2006) 
1.5 INTERVENTIONS FOR MYOPIA 
The effects of various strategies for slowing the progression of myopia in 
children including pharmacologic agents, various types of spectacle and contact lenses 
have been investigated.  However, the best available evidence for myopia intervention 
is not conclusive.  Topical atropine, a non-selective muscarinic antagonist has been 
studied most extensively in the treatment of human myopia.(Saw, Shih-Yen, Koh & 
Tan, 2002)  Significant reductions to retard the progression of myopia in children 
have been demonstrated in clinical trials on atropine conducted at Taiwan and 
Singapore.(Chua, Balakrishnan, Chan, et al., 2006; Shih, Hsiao, Chen, et al., 2001; 
Tong, Huang, Koh, et al., 2009)  Nonetheless, the exact mechanism of action of 
atropine is unknown.  Also, recommendation of atropine eye drops may not be made 
for all children with myopia because the potential long-term side effects such as 
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cataract formation and ultraviolet light related retinal damage are mostly unclear.(Kao, 
Lu & Liu, 1988)  Another pharmacologic agent, pirenzepine has also been shown to 
be effective in slowing the progression among myopic children in Hong Kong, 
Thailand, Singapore and USA.(Siatkowski, Cotter, Crockett, et al., 2008; Tan, Lam, 
Chua, et al., 2005)  Similarly, possible long-term side effects on pirenzepine need to 
be evaluated in studies with longer follow up.  Studies on the effect of spectacles and 
contact lenses have shown widely varying results.(Cheng, Woo & Schmid, 2011; 
Gwiazda, 2009)  Reports from randomised controlled trials of bifocal and multifocal 
lenses have showed a small overall inhibitory effect or only effective in a subset of 
myopic children including those with fast progression, near esophoria and / or high 
lags of accommodation. In other studies, contact lenses, single vision and bifocals 
lenses were failed to show definite benefit at controlling myopia progression.(Goss & 
Jackson, 1995; Hung & Ciuffreda, 2000; Katz, Schein, Levy, et al., 2003; Sankaridurg, 
Donovan, Varnas, et al., 2010; Walline, Jones, Sinnott, et al., 2008)  
1.6 REFRACTIVE ERROR AND OCULAR COMPONENTS 
Since juvenile onset myopia is most likely to develop between the ages of 8 
and 14 year and progresses in childhood, conducting studies on the changes in 
refractive error and ocular components during childhood is most relevant to learning 
potential mechanisms of myopia pathogenesis.  These studies also provide insights as 
to how an eye that becomes myopic differs from an eye that remains essentially 
emmetropic.(Blum, 1959)   
Animal models of myopia suggest that retinal image defocus induces posterior 
segment growth and thus axial elongation of the eye, with only limited growth of the 
anterior segment.(Raviola & Wiesel, 1985)  However, the patterns and characteristics 
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of how different ocular components change amongst children with myopia as 
compared to those who are emmetropic or hyperopic over extended periods are 
unclear.  There have been a number of studies concerned with the growth of ocular 
components for all children, but only a few longitudinal studies reported the change of 
ocular components by refractive error status of the children.  Later studies have 
reported primarily on the absolute mean changes of ocular components over time in 
cohorts of children with myopia.  The studies that reported the growth and change of 
refractive error and various ocular components, including axial length (AL), vitreous 
chamber depth (VCD), anterior chamber depth (ACD), lens thickness (LT) and 
corneal radius of curvature (CR), in childhood are summarised in the following 
sections. 
1.6.1 Refractive error 
 Mean progression of myopia (measured as SE in D) reported in three 
randomised controlled trials are displayed in Table 1 - 2.  The average progression 
rate of myopia was about –0.5 D per year in Caucasian children and –0.6 D in Asian 
children.  The Hong Kong trial showed that the mean progression in SE of 133 
children with myopia (< –1.25 D), between the ages of 7 and 10.5 years who wore 
single vision lenses was –1.25 D at 2-year of follow up.(Edwards, Li, Lam, et al., 
2002)  Similar change was reported in 190 placebo-treated control eyes of 
Singaporean children aged 6 to 12 years with SE –1.0 D to –6.0 D.(Chua, 
Balakrishnan, Chan, et al., 2006)  In the Correction of Myopia Evaluation Trial 
(COMET), the 3-year mean progression of myopia among 234 Caucasian children 
aged 6 to 11 years, have myopia between –1.25 to –4.5 D and assigned to receive 
single vision lenses was –1.48 D.(Gwiazda, Hyman, Hussein, et al., 2003) 
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1.6.2 Axial length 
Table 1 - 3 shows the changes in AL reported in five longitudinal studies 
conducted in Hong Kong, Singapore and USA.  The randomised trial in Hong Kong 
showed that the mean increase in AL of 133 children with myopia (< –1.25 D), 
between the ages of 7 and 10.5 years who wore single vision lenses was 0.63 mm over 
a 2-year period.(Edwards, Li, Lam, et al., 2002)  The second study in Hong Kong of 
74 children who had myopia (< –0.5 D) showed a very similar increase in AL of 0.62 
mm.(C. S. Lam, Edwards, Millodot & Goh, 1999)  The 3-year cumulative increase in 
AL reported in 543 children aged 7 to 9 years, with myopia (< –0.5 D) of the 
Singapore Cohort Of the Risk factors for Myopia (SCORM) study was 0.89 mm.(Saw, 
Chua, Gazzard, et al., 2005)  However, a smaller increase was reported in a clinical 
trial of 190 Singaporean children aged 6 to 12 years (< –1.0 D).(Chua, Balakrishnan, 
Chan, et al., 2006)   This Singapore trial reported a mean increase of 0.38 mm in the 
placebo-treated control eyes at the end of 2 years.  The change in AL of COMET 
study was similar to that reported in the Hong Kong studies.(Edwards, Li, Lam, et al., 
2002; Gwiazda, Hyman, Hussein, et al., 2003; C. S. Lam, Edwards, Millodot & Goh, 
1999)  A 3-year mean increase of 0.75 mm was found in the COMET study. 
The elongation of AL was observed in children aged between 6 and 14 years 
enrolled in the Orinda Longitudinal Study of Myopia (OLSM) and who had at least 2 
years of follow-up evaluation.  The AL increased by 0.73 mm in 194 children with 
emmetropia rising from a mean of 22.57 mm at age 6 to 23.30 at 14 years.(Zadnik, 
Mutti, Mitchell, et al., 2004)  The study showed that a linear function of ln (age) with 
a point of inflection at age 10.5 years best described the relationship between age and 
AL among the children with emmetropia.  In another report of OLSM which 
examined 737 children aged 6 to 14 years, the elongation of AL with age was also 
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found in children with different refractive error, including myopia and hyperopia 
(Figure 1 - 1).(Jones, Mitchell, Mutti, et al., 2005)  Children with myopia (< –0.75 D 
on at least one visit) had the fastest rate of axial elongation and their elongation rate 
was higher than the children with persistent emmetropia (–0.25 D to +1.0 D on all 
visits) after the age of 10 years old.  However, the growth of AL did not significantly 
differ between children with emmetropising hyperopia (> +1.0 D on at least the first 
but not at all visits) and persistent emmetropia.  The axial elongation of children with 
persistent emmetropia was significantly slower at older ages when compared to those 
with persistent hyperopia (> +1.0 D on all visits).   
A nationwide survey in Taiwan enrolled 11,656 students aged 7 to 18 years 
showed the fastest increase in AL in children with myopia (< –0.25 D) while they 
were aged between 7 and 11.(Shih, Chiang & Lin, 2009)  However, those with 
emmetropia (+0.25 to –0.25 D) and hyperopia (> +0.5 D) showed only slight 
increases in AL with age. 
1.6.3 Vitreous chamber depth 
The VCD has a similar upward trend to the growth observed in AL.  Table 1 - 
4 shows an average increase of 0.57 mm over 2-years in Hong Kong children with 
myopia.(C. S. Lam, Edwards, Millodot & Goh, 1999)  While a 3-year increase of 0.65 
mm was found in the myopic children of COMET study, a larger increase of 0.92 mm 
over 3 years was reported in children with myopia of SCORM.(Gwiazda, Hyman, 
Hussein, et al., 2003; Saw, Chua, Gazzard, et al., 2005)  Among the OLSM children 
with emmetropia, the vitreous chamber elongated at a slower rate, by an average of 
0.61 mm between ages 6 and 14 years.(Zadnik, Mutti, Mitchell, et al., 2004)  In 
another report of OLSM, the growth of VCD was described by a linear function of ln 
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(age) with a point of inflection at age of 10 years (Figure 1 - 2).(Jones, Mitchell, Mutti, 
et al., 2005)  The authors concluded that the VCD of children with emmetropia 
increased at a slower rate after age 10 years when compared to children with 
myopia.(Jones, Mitchell, Mutti, et al., 2005)  They also noted that the elongation rate 
of children with persistent hyperopia and emmetropising hyperopia was not 
statistically differed from those with persistent emmetropia. 
1.6.4 Anterior chamber depth 
The growth of ACD was limited when compared to VCD.  Over the course of 
3 years, there was a mean increase of 0.07 mm in ACD of children with myopia of the 
COMET study, but a decrease of 0.02 mm was showed in SCORM (Table 1 - 
5).(Gwiazda, Hyman, Hussein, et al., 2003; Saw, Chua, Gazzard, et al., 2005)  
Anterior chamber of OLSM children with emmetropia increased from a mean of 3.62 
mm at age of 6 years old to 3.81 mm at age of 14 years old.(Zadnik, Mutti, Mitchell, 
et al., 2004)  The best model to describe the growth of ACD was suggested as a 
quadratic function of ln (age) in another report of OLSM.  A continued elongation of 
their anterior chamber from age of 6 to 14 years old was also reflected in the children 
with emmetropia of the OLSM study (Figure 1 - 3). (Jones, Mitchell, Mutti, et al., 
2005)  
Their results showed that children with myopia had a faster rate in the 
deepening of anterior chamber throughout the study period, while those with 
persistent hyperopia had a slower deepening at younger ages than the children with 
persistent emmetropia.(Jones, Mitchell, Mutti, et al., 2005)    However, no difference 
in the growth of ACD between children with emmetropia and emmetropising 
hyperopia was recorded.  The anterior chamber of Taiwanese children with myopia, 
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emmetropia and hyperopia increased from the ages of 7 to 11 and then remained 
relatively stable.(Shih, Chiang & Lin, 2009)  The changes in children who had 
myopia and emmetropia were more prominent than those who had hyperopia in this 
study. 
1.6.5 Lens thickness 
In Table 1 - 6, the 3-year LT declines in the Singaporean children with myopia 
aged 7 to 9 years was 0.01 mm.(Saw, Chua, Gazzard, et al., 2005)  Likewise, the 
COMET study has also shown a decrease of 0.01 mm over 3 years in children with 
myopia.(Gwiazda, Hyman, Hussein, et al., 2003)  In the longitudinal OLSM, a 
downward trend was seen in the LT of children with emmetropia.(Zadnik, Mutti, 
Mitchell, et al., 2004)  The LT thinned by a mean of 0.07 mm between ages 6 and 14 
years.  They concluded that the relationship between age and LT was best modelled 
using a linear function of age with a point of inflection at the age of 9 years.  A 
thinning of lens in those with myopia and hyperopia was also reported in the 
subsequent report of OLSM.(Jones, Mitchell, Mutti, et al., 2005)   The lens showed a 
decrease in thickness until approximately 9.5 years of age and thereafter an increase 
in all children (Figure 1 - 4).  The study did not show a significant difference in the 
growth of LT among these children.  The subsequent increase in LT was found in 
older children of Taiwan.(Shih, Chiang & Lin, 2009)  Their nationwide survey 
showed a decrease in LT from the ages of 7 to 11 years, but a subsequent increase 
with age for children with myopia, as well as emmetropia and hyperopia.  They found 
that the changes in children with hyperopia were relatively smaller than those with 
myopia and emmetropia, but LT decreased very rapidly from the ages of 7 to 11 years 
in those with hyperopia. 
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1.6.6 Corneal radius of curvature 
In contrast to the noticeable changes observed in AL and VCD, the changes in 
CR were minimal with increasing age.  The cumulative change reported in CR of 
children with myopia in SCORM was only 0.01 mm over a 3-year study period (Table 
1 - 7).  The CR was not measured in other studies. 
1.7 MEDICAL AND SOCIOECONOMIC IMPLICATIONS OF 
MYOPIA 
Several studies indicate that myopia is one of the risk factors for visual 
impairment, cataract and glaucoma.  Since these disorders commonly occur in the 
later years of life, the medical implications of myopia have mostly been studied for 
middle-age and elderly populations, but not in the paediatric population.  Table 1 - 8 
summarises evidence of myopia-associated medical implications found in several 
population-based studies.  
From the Rotterdam Study conducted in an older population of The 
Netherlands, the most important causes of poor vision occurring before the age of 75 
years was myopic degeneration and this affected 23% of this group(Klaver, Wolfs, 
Vingerling, et al., 1998)  In a population-based study of 2,034 individuals from 
Taiwan, 25% of adults aged 50 years or more with visual impairment had high 
myopic macular degeneration as the cause.(Liu, Cheng, Chen & Lee, 2001) Myopia-
related retinal disorders were found to be the predominant cause of visual impairment 
among the 9,980 Danish adults aged 20 to 64 years in a population-based study and it 
accounted for 26% of visually impaired adults in this age group.(Buch, Vinding, La, 
et al., 2004)  Another report from this study showed that excessive myopic 
degeneration with retinal detachment accounted for 10% of all bilaterally blind elderly 
in this population.(Buch, Vinding, La Cour & Nielsen, 2001) 
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Two population-based longitudinal studies have suggested that myopia may be 
associated with the development of cataract.  In the Beaver Dam, USA study which 
followed a total of 4,470, predominantly white, adults aged between 43 and 84 for 5 
years, a significantly higher risk of prevalent nuclear cataract was reported for those 
with myopia.(Wong, Klein, Klein, et al., 2001) While association between incident 
posterior subcapsular cataract was supported by data from the Blue Mountains Eye 
Study, Australia of 2,334 adults 49 years and older.(Younan, Mitchell, Cumming, et 
al., 2002) 
The risk of glaucoma has been linked to myopia for decades.  The strong 
relationship between myopia and glaucoma has been confirmed in a population-based 
study of 3,654 Australians aged 49 to 97 years of age.  A weaker association of 
myopia with glaucoma was found in 4,926 white adults, aged 43 to 86 years, living in 
Beaver Dam.(Wong, Klein, Klein, et al., 2003)  This study showed that the 
association with glaucoma was similar for different level of myopia.  In Sweden, 
however, a population-based study of 32,918 elderly aged 57 to 79 years reported that 
the prevalence of glaucoma increased with increasing levels of myopia.(Grodum, 
Heijl & Bengtsson, 2001) 
Besides the medical consequences associated with myopia, there are 
considerable economic and social burdens associated with the condition.  The usual 
way to correct myopia is to wear corrective devices such as eyeglasses and contact 
lenses, or undergo the increasingly popular option of laser refractive surgery and 
refractive surgery involving lensectomy with or without lens implant.  The costs 
involved in the optical corrections are a significant life-long burden for the individuals 
and the health systems. 
16 
 
In 1990, about US$ 8.1 billion was spent by the USA on vision products 
including eyeglass frames and lenses, and contact lenses according to the Health Care 
Financing Administration.(Levit, Lazenby, Cowan & Letsch, 1991)  A total amount of 
US$50 million in eye examination and US$10.5 million in refractive-related 
ophthalmology visits were also estimated by The American Optometric 
Association.(Bennet & Arron, 1992)  Globally, the annual cost for myopia was about 
US$4.6 billion in 1990.(Javitt & Chiang, 1994)  From a study conducted in 2006, the 
direct medical cost (including ophthalmology visits and eyeglasses) for refractive 
error among residents in the USA was US$5.5 billion and this accounted for almost 
half (46%) of the direct medical cost among the adults aged 40 to 64 years.(Rein, 
Zhang, Wirth, et al., 2006)  The direct cost of myopia for Singapore teenage school 
children was reported in 2006.(M. C. Lim, Gazzard, Sim, et al., 2009)  The mean 
annual direct cost of myopia was US$148 (S$221.68) and the median was US$83.33 
(S$125) per child. 
1.8 HEALTH-RELATED QUALITY OF LIFE AND MYOPIA 
1.8.1 Studies on quality of life and myopia 
The prevalence of myopia in Singapore is one of the highest worldwide. Thus, 
understanding how myopia influences a child’s health-related quality of life (HRQoL) 
becomes important.  Compared to disability and functioning, HRQoL is a broader 
concept which encompasses many issues that impact on a person’s life.  The HRQoL 
usually refers to the effect of a disease on the way a person enjoys life, including the 
way the illness affects a person’s ability to live free of pain, to work productively, and 
to interact with loved ones.  These issues are usually grouped into domains such as 




In spite of the high prevalence rates of myopia in children and adolescents, 
particularly in Asian countries, there is a paucity of research which has investigated 
its impact on functioning or utility values in these younger populations.  Utility values 
are measures that assess the QoL associated with a health state.(G. C. Brown, Brown, 
Sharma, et al., 2001; M. M. Brown, Brown, Sharma & Garrett, 1999; Torrance, 1986)  
Utility values traditionally range from 0.0, associated with death to 1.0, associated 
with perfect health.  Scores approximating a value of 1.0 indicate a better QoL 
associated with a health state. Conversely those closer to 0.0, suggest poorer levels of 
QoL.(G. C. Brown, Brown, Sharma, et al., 2001)  The common utility valuation 
methods includes time-trade-off and standard gamble under the von Neumann-
Morgenstern utility theory.(Von Neumann & Morgenstern, 1944)  Time-trade-off is a 
technique used to help determine the QoL of a patient or group.  Similarly, the 
standard gamble technique is a traditional technique method of measuring preferences 
under uncertainty.  It is used to measure utility functions over life-years and health 
states as well as the preference weights to be used in the quality adjusted life years 
calculations.(Gafni, 1994) 
Two studies in Singapore have been conducted to examine the utility values in 
students who were myopic.  The first involved 699 students aged 15 to 18 years who 
reported that the mean time trade-off (years of life willing to sacrifice) and standard 
gamble (risk of blindness from therapy willing to sacrifice) utility values for treatment 
of myopia were not related to the severity of myopia.(Saw, Gazzard, Au Eong & Koh, 
2003)  Higher time trade-off utilities values were reported by students with presenting 
better eye Logarithm of the Minimum Angle of Resolution (LogMAR) < 0.3 (mean 
0.94 versus 0.92 for those with LogMAR > 0.3) after adjusting for ethnicity and sex.  
The adjusted mean time trade-off utilities values for students who wore spectacles or 
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contact lenses (0.94 versus 0.92), who were non-Muslim (0.95 versus 0.91) and who 
were in express stream - a more “academic” schooling (0.95 versus 0.91 for those in 
the normal technical stream) were also higher.  After adjusting for ethnicity and sex, 
the mean standard gamble values of student with a total family income per month of > 
SGD 5,000 were higher than for families who earned < SGD 2,000 (0.89 versus 0.82).  
Those in express stream also had higher standard gamble utilities values (0.88) than 
those in the normal technical stream (0.79). 
Another Singaporean study of 120 medical students with myopia aged 18 to 
22 years examined time trade-off and standard gamble utility values for the treatment 
of myopia.(W. Y. Lim, Saw, Singh & Au Eong, 2005)  Similarly, this study did not 
find statistically significant relationship between utility values and severity of myopia.  
The utility values reported using time trade-off method was higher (0.97) than those 
obtained from other ophthalmic conditions such as diabetic retinopathy (means 0.77, 
0.79 from three studies) and age-related macular degeneration (mean 0.74, 0.72 from 
two studies).(M. M. Brown, Brown, Sharma, et al., 2002; M. M. Brown, Brown, 
Sharma & Shah, 1999; Sharma, Oliver-Fernandez, Bakal, et al., 2003)  The standard 
gamble utility values were also higher (0.99) than those with diabetic retinopathy 
(mean standard gamble for death 0.88) and macular degeneration (mean 0.81).(M. M. 
Brown, Brown, Sharma, et al., 2002; M. M. Brown, Brown, Sharma & Shah, 1999)  
The results from the two studies in Singaporean students suggesting myopia may have 
a less impact compared to other ocular conditions and poor presenting visual acuity.  
Also, as the students included in these studies differed in age, education level, religion 
and race from the general population in Singapore, these results may not be 
generalisable to the general population.  
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Data on the impact of myopia on vision-specific functioning (VSF) are also 
very scarce.  A visual functioning questionnaire was used to assess the impact of 
myopia in rural Chinese secondary school children.(Congdon, Wang, Song, et al., 
2008)  In this cohort of middle school children, myopia was significantly and 
monotonically associated with worse self-reported visual functioning (Mean VSF 
score 82.6 for subject with average SE > –0.5 D, 66.4 for average SE between > –3.5 
and <–2.5, 57.6 for average SE < –5.5)   Myopic refractive error was more strongly 
associated with self-reported visual function (p < 0.001) than was presenting vision (p 
= 0.303) after adjusting for age, sex and parental education.  The findings of this study 
were  substantiated by a recent trial demonstrating a significant improvement in VSF 
(a mean decrease of 15.9 point in total score for children with SE < – 1.25D, – 8 point 
for SE between – 0.5 and – 1.0) with provision of spectacles among school-aged 
children having modest levels of refractive error in rural Mexico.(Esteso, Castanon, 
Toledo, et al., 2007)  The VSF score in that study was calculated using the Refraction 
Status Vision Profile scale designed specifically to measure the impact of refractive 
error and its correction on visual functioning.(Vitale, Schein, Meinert & Steinberg, 
2000) 
Compared to populations of adults, the impact of myopia and refractive error 
on HRQoL in younger populations has not been evaluated extensively.  There is no 
published study on HRQoL in school children and adolescents with myopia before 
our study was carried out in 2005.  A recent population-based study in Singapore has 
used the paediatric quality of life inventory version 4.0 in assessing the impact of 
refractive errors on HRQoL in preschool children.(Lamoureux, Marella, Chang, et al., 
2010)  A total of 939 parents of toddlers (aged 25 to 48 months) and 982 young 
children (49 to 72 months) completed the questionnaire.  The authors indicated that 
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there were no significant associations between those with and without vision loss or 
ocular conditions on the overall and subscales scores, but the actual scores were not 
reported. 
1.8.2 Generic instruments of HRQoL for children and adolescents 
Generic instruments are designed to be broadly applicable across conditions 
regardless of severity or treatments and also to be used in a wide range of paediatric 
or children populations, rather than in one specific patient group, such as asthma or 
cancer patients.  At the commencement of the study, the available generic HRQoL 
instruments for children and adolescents published in the scientific literature by 2005 
were located through a literature search in the PUBMED databases, using the terms 
“health-related quality of life”, “quality of life”, “health status” and “functional 
status” in combination with various terms related to “kids”, “children”, “adolescents” 
and “teenagers”.  Instruments which had been specifically developed for use with 
children or children and that are comprised of dual reports (parallel child self-report 
and parent proxy-report) were included.  Instruments without any empirical evaluation 
of the measurement properties of reliability and validity were not included.  The 
search was also restricted to instruments that had been evaluated in the English 
language. 
Six instruments which met the inclusion criteria were identified: Child Health 
Questionnaire (CHQ) (Landgraf, Abetz & Ware, 1996), Child Quality of Life 
Questionnaire (CQOL) (Graham P., Stevenson J.R. & D., 1997), How are you? 
(HAY)(le Coq, Boeke, Bezemer, et al., 2000; le Coq, Colland, Boeke, et al., 2000), 
German Quality of Life Questionnaire (KINDL) (Ravens-Sieberer & Bullinger, 1998), 
Paediatric Quality of Life Inventory Generic Core Scales (PedsQL-GC)(Varni, Seid & 
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Rode, 1999) and TNO/AZL Quality of Life (TACQOL) (Verrips, Vogels, Verloove-
Vanhorick, et al., 1997; Vogels, Verrips, Verloove-Vanhorick, et al., 1998).   The 
country of origin, type of report, age range of the children and number of dimensions 
of these instruments are shown in Table 1 - 9 while their reliability and validity are 
given in Table 1 - 10.  Although it is possible that other existing generic instruments 
might also have met the inclusion criteria, we felt that these instruments were 
adequate to ensure the appropriateness and sufficiency of the sample and assure that 
saturation was achieved, as they represent the most widely used instruments in the 
field published since 1990s.  Among the identified instruments, three targeted children 
in age group of 7 to 15 years and the remaining instruments targeted at children across 
a broad age range (2 to 18 years).  The number of domains assessed ranged between 4 
and 15 while the total number of items ranged from 15 to 180.  Two instruments each 
were developed in the USA and The Netherlands, one in the United Kingdom (UK) 
and one in Germany. 
Although the reliability and validity of these instruments have been confirmed 
in various paediatric and children populations (Table 1 - 10), two reviews of HRQoL 
generic instruments for use among children and adolescents concluded that only CHQ 
and PedsQL-GC fulfil very basic psychometric criteria among the identified 
instruments.(Eiser & Morse, 2001; Schmidt, Garratt & Fitzpatrick, 2002)  The CHQ is 
a generic objective instrument of HRQoL for children aged 5 years and older and 
contains 28 to 98 items, each rated on a 4-point Likert scale.  It encompasses 14 
health domains and a global rating of health.  A physical function (health status) and a 
psychosocial summary score (HRQoL) can be derived from the CHQ raw scores 
(range 0-100, with 100 being the best possible score).  The major disadvantage of 
CHQ is that the self-report is somewhat long and contains 87 items.  Conversely, the 
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PedsQL-GC is a relatively brief and short generic instrument of HRQoL for the 
broadest age group of children and adolescents (aged 2 to 18 years).  The 4 domain 
PedsQL-GC encompass only 23 items, each rated on a 5-point Likert scale.  Items are 
reverse-scored and linearly transformed to a 0 to 100 score.  Sub-scales scores 
including physical health summary and psychosocial healthy summary, and total score 
scan be derived from the reversed item scores, with higher scores indicating higher 
HRQoL. 
The PedsQL-GC has several advantages over the other HRQoL instruments.  
The first advantage is that it advocates a modular strategy and thus is a flexible 
instrument.  Disease-specific modules can be integrated with the generic scales so that 
health domains germane to a specific condition can be more sensitively measured.   
Second, it covers a wider spectrum of health than some other instruments, such as the 
Paediatric Evaluation and Disability Inventory, or the Functional Status II(R), that 
were developed to measure the health of children with more severe, chronic health 
conditions.   Third, the items of PedsQL-GC are relatively short and the response set 
is the same for all of the core scales in contrast to other instruments.  Hence, it is easy 
for self-administration, as well as to administer over the telephone.  Finally, the 
PedsQL-GC had developmentally appropriate versions for children of different ages.  
There are versions developed for infants and toddlers as well as child self-reported 
forms for children aged 5 and older.  In addition, a growing number of studies have 
also shown the reliability and validity of various translations of PedsQL-GC as an 
instrument of general physical and psychosocial health in children and adolescents 
populations.  These are the two important advantages for future research and 
surveillance efforts.  In conclusion, PedsQL-GC was considered to be the best 
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currently available instrument for determining HRQoL of children and adolescents for 
the purpose of our study. 
1.8.3 Paediatric quality of life inventory generic core scales 4.0 
The PedsQL-GC version 4.0 (PedsQL v4) was employed to determining 
HRQoL in Singaporean children aged 13 to 18 years, with and without refractive 
errors.  This instrument had been used in the measurement of HRQoL of both healthy 
children and adolescents with different diseases (including arthritis, asthma, cancer, 
cardiology, diabetes, headache, obesity, rheumatology and other diseases), although 
not in children with ophthalmic conditions.(Bastiaansen, Koot, Bongers, et al., 2004; 
Felder-Puig, Frey, Proksch, et al., 2004; Powers, Patton, Hommel & Hershey, 2003; 
Upton, Eiser, Cheung, et al., 2005; Varni, Burwinkle, Katz, et al., 2002; Varni, 
Burwinkle, Seid & Skarr, 2003).  A review of studies which administered PedsQL v4 
in different children populations is given in Appendix 1. 
The 23-item PedsQL v4 measures the core physical, mental, and social health 
dimensions as delineated by the World Health Organization, as well as role (school) 
functioning.(World Health Organization, 1948)  The instrument was developed 
through focus groups, cognitive interviews, pre-testing, and field testing measurement 
development protocols, and it encompasses 8 items for physical functioning, 5 items 
each for emotional, social and school functioning.(Varni, Seid & Kurtin, 2001; Varni, 
Seid & Rode, 1999)  The PedsQL v4 comprises child self-report for age ranges from 5 
to 7, 8 to12 and 13 to18 years and parallel parent proxy-report for age ranges from 2-4 
(toddler), 5 to 7 (young child), 8 to12 (child) and 13 to18 years (adolescent).  The 
items for each of the reports are essentially identical, differing only in 
developmentally appropriate language and the use of first- or third-person tense.  
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Instructions ask about the difficulty of performing each item during the past month, 
e.g. “It is hard for me to run” and “I feel afraid and scared”.(Varni, Seid & Kurtin, 
2001)  Responses are made on a five-point Likert scale (0 = never a problem, 1 = 
almost never a problem, 2 = sometimes a problem, 3 = often a problem, 4 = almost 
always a problem).  Items are reverse-scored and linearly transformed to a 0 to 100 
scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0).   The scale score is computed as the sum 
of the items over the number of items answered.  The scale score will not be 
computed if more than 50% of the items in the scale are missing.  For a scale where 
50% or more of the items are completed, the mean of the completed items are imputed.  
A total and two sub-scales: physical and psychosocial health summary scores can be 
derived from the reversed item scores, with higher scores indicating better QoL.  The 
psychosocial health summary score is calculated based on the sum of items over the 
numbers of items answered in the emotional, social, and school functioning scales, 
while the physical health summary score is the same as the physical functioning scale 
score.  The total scale score is computed as the sum of all the items over the number 
of items answered on all the scales.  
25 
 
CHAPTER 2  METHODS 
2.1 SINGAPORE COHORT STUDY OF THE RISK FACTORS 
FOR MYOPIA 
The SCORM is a long-term cohort study of elementary schools’ children.  The 
study was conducted to identify the environmental and genetic risk factors of myopia 
in Singaporean school children. 
2.1.1 Selection of schools 
To allow a selection of children from schools with different overall academic 
performance in Singapore, two elementary schools were selected and recommended 
by the Ministry of Education of Singapore based on prior National Primary School 
Leaving Examination results of their students.  The third school was selected from the 
frame of neighbourhood schools.  These schools are typical of other governmental 
schools in Singapore.  All pupils, that is, a total of 1,023 children from Primary 1, 2 
and 3 from a school in the northern part of Singapore (Northern) and 660 children 
from Primary 1 and 2 from a school in the east (Eastern) were invited to participate in 
November 1999. A further 1,230 children from Primary 1, 2 and 3 from a school in 
the western part of Singapore (Western) were invited to join in May 2001.  The 
required sample size was calculated at the planning stage to meet the aim of SCORM 
in identifying the environmental and genetic risk factors of myopia in Singaporean 
school children. 
2.1.2 Inclusion of children 
Children with media opacity, pseudoexfoliation, uveitis, pigment dispersion 
syndrome, any serious medical condition (such as leukaemia or heart disorders), a 
syndrome-associated with myopia or any serious eye disorder (such as congenital 
cataract, retinopathy of prematurity), a history of intraocular surgery or refractive 
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surgery, glaucoma, or retinal disease, or mentally compromised children were 
excluded from the study. The children who had allergy to eye drops or refused the 
instillation of cycloplegic eye drops were also excluded.  
2.1.3 Informed consent and IRB approval 
Approval to conduct this study was obtained from the Ministry of Education 
of Singapore and the study was supported by the principals and teachers of the 
selected schools.  Informed written consent was obtained from the parents after an 
explanation of the nature and possible consequences of the study. The study was 
approved by the Ethics Committee of the Singapore Eye Research Institute, and the 
study protocol adhered to the tenets of the Declaration of Helsinki.  
2.1.4 Demographic and characteristic 
The initial participation rate in SCORM was 68%.  Of the 1,979 children 
examined at the baseline, the Western school recruited 48%, Northern 36% and 
Eastern 16%.  At the first visit, the age for 15% of children was 6 years old, 39% were 
7 years, 32% were 8 years and 13% were 9 years.  Among the 1% (n=11) whose age 
was more than 10 years old (6 were 10, 3 were 11, 1 was 12 and 1 was 13).  
Table 2 - 1 lists the demographic and characteristics of the children at the first 
visit for each school.  Half of them were male (51%) and majority were Chinese 
(74%).  Most of these children came from a family which the parents had secondary 
or lower educations (61%), with total combined income < $5,000 per month (73%) 
and stayed in a 4 or more room Housing & Development Board (HDB) flats (70%).  
2.1.5 School visits 
All the visits of SCORM were conducted in the school halls during the school 
holidays.  The visits for the Western school were usually conducted in May or June, 
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after the annual examination, while those for the Eastern and Northern schools were 
made in November and December due to logistical reasons. Table 2 - 2 shows the 
year of visits, initial Grade and number of children who were examined.  All schools 
had at least 6 visits between 1999 and 2006.  There were annual for the Eastern and 
Northern schools from 1999 to 2006 (except in 2005 which had none) and the 
Western school annually from 2001 to 2006.  The pupils who completed their 
elementary education during the study period were contacted for eye examinations at 
their former elementary schools. 
2.1.6 Cross-cultural adaptation of PedsQL v4 
The PedsQL v4 was originally developed and validated in USA-English.  This 
instrument may not be applicable to Asia countries, such as Singapore which is 
culturally different from USA.  Hence, a pilot study was undertaken to investigate if 
cross-cultural adaptation is required to adapt the PedsQL v4 reports to country or 
region-specific language, and to cultural context and lifestyle.  The USA-English 
versions of child self- and parent proxy-reports were administered to a group of 
fifteen parents (13 mothers and 2 fathers) who had a child aged between 12 and 18 
years old and also to this child.  The parents were staff or colleagues in National 
University of Singapore. The median age of the children was 14 (range 12 to 17) 
years, 10 were girls, 5 were boys; 13 were Chinese and 2 were Indian.  The cross-
cultural adaptation purpose of this pilot study was verbally explained by the 
researcher (WHB) to the children and their parents before the administration of the 
questionnaire.  They were instructed to complete the questionnaires independently of 
each other.  Upon completion of their reports, they were asked by the researcher to 
answer a list of questions which will probe whether the instrument is easily 
understood and relevant, whether the instruction is clear, and if they have any changes 
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or comments.  The comments given by the children and their parent proxy are 
summarised in Table 2 - 3 and Table 2 - 4 respectively.  Most of the respondents 
commented that the instruction and most of the items were understandable and 
relevant, though some of the words used in the report, such as “one block”, “doing 
chores” and “low energy level” were less commonly used in a local context.  
Following from their responses, we decided that no changes were needed to be  made 
to the USA-English version although some explanations were included in the 
instructions: i) “One block” refers to an actual distance of about 80-160 metres, ii) 
“Doing chores” refers to helping out at home, and iii) “Low energy level” refers to 
don’t feel energetic. 
Most of the Singapore children have a good grasp of English language as 
English is the primary medium of instruction in all primary schools of Singapore.  
Therefore, the USA-English child self-report was administered in the study and no 
translation of this report was required.  As the majority of subjects in SCORM are 
Chinese, the parallel parent proxy-report for age ranges from 13 to 18 was translated 
into Mandarin and validated following recommended guidelines.(Varni, 2002)  The 
algorithm of the translation and linguistic validation is outlined in Figure 2 - 1.  The 
process included forward and backward translation and pilot administration of the 
translated Mandarin PedsQL v4 to a target population to establish its content validity 
and to adjust appropriately for the cultural context. 
Two bilingual speakers of English and Mandarin conducted the forward 
translations of the selected parent proxy-report independently.  The researcher 
discussed the semantic and conceptual discrepancies with the translators, and a 
reconciled version of the forward translation was developed (Mandarin-I) after a 
29 
 
consensus was achieved.  Subsequently, the Mandarin-I was given to another two 
bilingual speakers for translation back into English.  The discrepancies between the 
original and back-translations were then evaluated by the researcher and the 
translators to ensure semantic, idiomatic and conceptual equivalent to the original 
report.  The second version of translated parent-proxy report (Mandarin-II) was 
produced with slight modification for some items.  Finally, the Mandarin-II was tested 
on a panel of 5 parents to determine the conceptual equivalence of items and response 
choices or ratings in the translation with the original English version, and the 
respondents’ understanding of the instructions and items.  The selected respondents 
were all native speakers of Mandarin (age range: 41 to 53 years) and a parent of at 
least one adolescent aged 13 to 18 years old.  An interview with the respondent to 
obtain feedback was conducted by the researcher after they self-administered the 
questionnaire.  The findings from the interviews confirmed that items were well 
understood and appropriately used in the Singapore context and required no further 
modifications.  No problems were identified by the parents in the self-administration 
of the translated version.  The time to complete the report ranged from 5 to 10 minutes. 
2.2 DATA COLLECTION 
2.2.1 Visual acuity and refractive error 
The children were examined yearly in the schools by a trained team of 
ophthalmologist, optometrist and research assistants following the same methodology. 
The habitual distance LogMAR visual acuity in each eye were measured by the 
optometrist according to a standard protocol.(Ferris, Kassoff, Bresnick & Bailey, 
1982) After instillation of 0.5% proparacaine, cycloplegia was induced in each eye by 
administering three drops of 1% cyclopentolate solution at 5-minutes interval. At least 
30 minutes after the last drop of cyclopentolate solution was instilled, one of two 
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Canon RK 5 autokeratorefractometer machines (Canon Inc. Ltd., Tochigiken, Japan) 
was used to obtain the average of five consecutive refraction (all readings < 0.25 D 
apart) and corneal radius of curvature measurements.  The average of two CR 
measurements in the flatter and steeper meridians was calculated. 
2.2.2 Ocular biometry 
The ocular components of each child, including AL, VCD, ACD and LT were 
examined yearly following the same protocol.  One of two calibrated Nidek Echoscan 
model US-800 biometry units (Nidek Co. Ltd., Tokyo, Japan; probe frequency of 10 
mHz) was used to measure the ocular component measures.  The average of six 
measurements was taken and accepted if the standard deviation of these six readings 
was less than 0.12 mm.  If the standard deviation was more than 0.12 mm, the 
measurements would be repeated.  The machines were calibrated at the beginning of 
the study and all measurements were conducted according to a standard protocol. 
2.2.3 Socio-demographic 
Socio-demographic data of the child was obtained from a parent self-
administered questionnaire at the SCORM baseline visits (1999 and 2001). The 
questionnaire was distributed to the parents through the school class teacher two 
weeks before the first eye examination in the schools. A Mandarin or Malay version 
of the questionnaire was provided for parents who were not conversant in English. 
The socio-demographic data, including the child’s date of birth, gender, the attended 
school (Northern, Eastern and Western), and Grade (Primary 1, Primary 2, Primary 3) 
were collected. The ethnic group of the child and their parents were each defined as 
“Chinese”, “Malay”, “Indian”, “Eurasian” or “Others”. Their parents’ completed 
highest level of education were collected as “No formal education”, “Primary school”, 
“Secondary school”, “Pre-university / diploma”, or “Tertiary / University”.  The 
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current medical conditions such as asthma, diabetes mellitus, inflammatory bowel 
disease, migraine and other medical conditions were self-reported by the child in a 
questionnaire administered during the school visits in year 2005 and 2006.  
2.2.4 Height and Weight 
The anthropometric measurements of the child were also examined yearly in 
the schools.  Both height and weight were measured on the school halls in adherence 
to a standard protocol.  Height of the child was measured using the height ruler taped 
vertically to the wall of the school hall.  The child was asked to remove their shoes, 
stand with his / her back to the height rule and look straight. A board file was lowered 
so that the hair was pressed flat and the height was recorded to the resolution of the 
height rule of the nearest 1 cm.  Weight was measured using one standard portable 
scale calibrated at the beginning of each examining day.  The child was asked to 
empty their pockets and remove their shoes before standing in the centre of the scale 
so that their weight is distributed evenly to both feet.  The weight was recorded to the 
resolution of the scale to the nearest 0.1 kg.  For the analysis using body mass index, 
the child was classified as “obese”, “overweight” and “normal weight” based on their 
age and gender using the recommended international cut off points for BMI by Cole 
et al (Cole, Bellizzi, Flegal & Dietz, 2000).  The “normal weight” group includes 
those who were underweight because the cut-off point of underweight for children 
was not available.  
2.2.5 Health-related Quality of Life 
A cover letter that explained the purpose of the HRQoL study (Appendix 2), 
both English (Appendix 3) and Mandarin (Appendix 4) versions of the parent proxy-
reports were sent by mail to the parent proxy for their completion at home, in October 
and November of 2005.  The parent proxy was asked to complete the report 
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independently of the child and to return the completed questionnaire in a pre-stamped 
addressed envelope.  They could contact the researcher to obtain additional 
information.  Two reminders for completion of parent proxy-reports were sent by mail 
to the home address of non-respondents in December 2005.  For parents who did not 
return the report by 31 December 2005, a telephone call was attempted in January 
2006.  The parent or proxy who answered the call was interviewed and the parent 
proxy-report was completed by the researcher.  The child’s self-report (Appendix 5) 
was completed by the children during the school visit. 
2.3 DEFINITIONS 
2.3.1 Refractive error groups 
The SE of the eye was calculated as sphere power + half negative cylinder 
power. Children were classified into one of five refractive error groups based on the 
SE of their randomly selected eye, measured during their ages of 6 to 13 years old for: 
persistent hyperopia, emmetropising hyperopia, persistent emmetropia, newly 
developed myopia and persistent myopia.  The definitions are listed in Table 2 - 5. 
2.3.2 Presenting visual impairment 
The presenting visual impairment was defined as “presenting visual acuity 
of > 0.3 LogMAR in the better-seeing eye (BEVI)” according to the USA driving 
requirement.(Fishbaugh, 1995; Maul, Barroso, Munoz, et al., 2000; Tsai, Chi, Cheng, 
et al., 2004)  Day-to-day vision is driven primarily by visual acuity in the better eye. 
2.3.3 Cross-sectional refractive error group 
Children were also classified based on the SE of the worst-seeing eye 
measured in 2005 and 2006 into three myopia groups: high-myopia (SE < –6.0 D), 
low-myopia (–6.0 D < SE < –0.5 D), and non-myopia (SE > –0.5 D).  The definition 
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of myopia based on SE in the worst-seeing or any eye has been adopted by several 
studies including the RESC studies.(Maul, Barroso, Munoz, et al., 2000; Pokharel, 
Negrel, Munoz & Ellwein, 2000; Zhao, Pan, Sui, et al., 2000)  Hyperopia was defined 
as SE > +1.0 D and astigmatism as at least –0.5 cylinder power in either eye.  
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CHAPTER 3  STATISTICAL METHODOLOGY 
3.1 MODELLING LONGITUDINAL DATA IN MYOPIA 
3.1.1 Longitudinal data 
In a longitudinal study, the outcome variables of concern in each of many 
subjects are measured repeatedly throughout the duration of the study.  This study 
design is in contrast to that of a cross-sectional study where a single outcome variable 
is measured for each subject.  Typically, a fixed number of repeated measurements 
will be made on all subjects at a set of common time points in a longitudinal study 
design.  The occasions of measurements are not necessarily distributed evenly 
throughout the study period. 
The fundamental objective of a longitudinal analysis is the assessment of 
within-subject changes in the outcomes and the explanation of systematic different 
among subjects in their changes.(Fitzmaurice, Laird & Ware, 2004)  The ability to 
obtain information concerning individual patterns of change is a key strength of 
longitudinal studies.  This design also has the potential to increase both the statistical 
power when making comparisons and the robustness of model selection when 
compared to cross-sectional data.(Zeger & Liang, 1992) 
There are two main challenges in the analysis of longitudinal data.  First, the 
analysis of longitudinal data is complicated by the dependence among repeated 
measures made on the same subject.  Therefore, standard regression analysis may not 
be appropriate for longitudinal data because the basic assumption that all observations 
are statistically independent or at least uncorrelated with each other is no longer valid.  
The repeated measures will typically exhibit positive correlation, and this correlation 
must be accounted for in the analysis.  Failure to account for the correlation among 
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the repeated measures would lead to a loss of important information, result in 
inefficient estimates of regression parameters, overestimate the variability of the 
estimate of change and produce inconsistent estimates of precision.(Zeger & Liang, 
1992)  Second, the data may be unbalanced or partially incomplete since the 
researcher often cannot control the circumstances for obtaining measurements.  In 
many longitudinal studies, there may be considerable variation among subjects in the 
number and timing of measurements.  For instance, the measurement times may be 
unequally spaced within an individual and may differ across subjects.  Gaps in the 
data may also occur because the subjects fail to attend an appointed visit.   
Many approaches to the analysis of longitudinal data have been studied, but 
most are restricted to the setting in which the outcome variable is normally distributed 
and the data are balanced and complete.  The approaches to analyse longitudinal 
studies with a continuous outcome variable range from the simple to the 
complex.(Everitt, 1995; Laird, Donnelly & Ware, 1992)  The simplest approach is to 
reduce the data of multiple observations within each subject to a single summary 
measure. This summary measures approach reduces the original multivariate problem 
to a univariate problem and therefore the standard methods for univariate data such as 
two-sample t-test can then be applied.  Summary measures approach is widely 
employed in practice, owing to their technical simplicity and the ease with which they 
can be easily explained to non-statisticians.(Matthews, Altman, Campbell & Royston, 
1990)  If the question of interest is to monitor the rate of change of an outcome 
variable over time, potentially useful summary measures are a simple “change score” 
between the repeated measurements or the slope of a linear response trajectory.  
Alternative summary measurements include area under the curve, maximum values, 
and simple mean with the choice dependent upon the research question and nature of 
36 
 
the data.(Matthews, Altman, Campbell & Royston, 1990)  However, these methods 
are not reliable if there are many missing data and the missing data does not occur at 
random. (Vittinghoff, Glidden, Shiboski & McCulloch, 2005)   
Other response trajectories, for example, piecewise linear or curvilinear, can 
also be used to parsimoniously smooth and summarise within-subject changes in the 
outcome throughout the duration of study.  Nonetheless, the richness of information 
available in longitudinal data can be more appropriately appreciated through the use 
of statistical approaches that focus on the dynamics of change as a function of time.  
These more complex and powerful statistical techniques include analysis of variance 
or multivariable analysis of variance for repeated measures, multilevel modelling and 
structural equation modelling. 
3.1.2 Analysis of longitudinal data in myopia 
Most studies of myopia in children have investigated the relationship between 
age, refractive error and ocular components by presenting the mean difference of 
measurements taken at only two ages.(Chua, Balakrishnan, Chan, et al., 2006; 
Gwiazda, Hyman, Hussein, et al., 2003; C. S. Lam, Edwards, Millodot & Goh, 1999)  
The growth process which is important in understanding the potential mechanisms of 
myopia pathogenesis, however, may not be fully reflected from these studies.  Very 
few studies have adopted statistical approaches that focus on the growth of refractive 
error and ocular components as a function of age for children with myopia.  A notable 
exception is the OLSM study which has developed ocular components’ growth curves 
for children aged 6 to 14 years in the USA using a mixed model approach with 
piecewise curves.(Jones, Mitchell, Mutti, et al., 2005) 
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3.1.3 Statistical analyses 
In the following sections, the statistical approaches employed for i) developing 
the growth curves, ii) comparing the curves, and iii) modelling the changes before and 
after the onset of myopia are described.  To illustrate the approach, exploratory 
analysis and procedures for modelling and comparing the curves are demonstrated 
using only the data involving AL.  The same approaches were applied for SE of 
refractive error, height and other ocular components of the children, including VCD, 
ACD, LT and CR, but only the best-fitting FP models are presented in Chapter 4. 
Analyses were performed using data collected yearly throughout the children’s 
elementary education when the child was aged 6 to 13 years.  The corresponding data 
collection period was from 1999 through 2004 for the Northern and Eastern schools 
and from 2001 through 2006 for the Western school.  Children who had at least three 
visits between the ages of 6 to 13 years and met the criteria for one of the five 
refractive error groups were included in the analyses.  Growth curve models were 
developed using longitudinal data of the randomly selected eye.  The child’s age at 
each visit was calculated using the date of visits and date of birth.   
All statistical analyses were carried out using STATA version 10.1.  All 
probabilities quoted are two-sided, with a significance level of 0.05. 
3.2 EXPLORATOY ANALYSIS 
3.2.1 Growth trajectories 
A trajectory of the AL against age was used to visualise patterns in the data.  
Ten children from each refractive error group were randomly selected for the plots to 
avoid graphs that are excessively busy due to the large data set. These are displayed in 
Figure 3 - 1.  For each refractive error group, the spread in AL among the children at 
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the younger ages were similar to the spread when they were 13 years old.  These plots 
also show that there was substantial within-subject variability and between-subjects 
variability in AL.  In addition, the trajectories showed that the AL of children between 
refractive error groups was different and they have different rates of growth during the 
study period.  Therefore, it was important to model the AL growth for each refractive 
error group separately. 
3.2.2 Mean response at each age 
Since each child was not measured at the same age, their age at each visit has 
been rounded down to the nearest year of age for this analysis.  For children who had 
2 measurements within a year, the second measurement was included.  There were a 
maximum of seven measurements between the age of 6 and 12 years old for each 
child. 
Table 3 - 1 presents the mean, standard deviation (SD), median, minimum 
(min) and maximum (max) of AL at age 6, 7, 8, 9, 10, 11 and 12 years for all children, 
broken down by refractive error groups. The mean AL between refractive error groups 
at each of the age years was compared using one-way ANOVA with the results 
suggesting that the mean AL of the groups were significantly different (p < 0.001).  
The mean AL of children with persistent emmetropia at age 6 years was significantly 
longer than children with persistent hyperopia (p = 0.001) and shorter than those with 
persistent myopia (p<0.001). However, no difference was found when compared with 
the children with hyperopia who were emmetropising and those with newly developed 
myopia (p = 1.000). When the children grew older, the mean AL of children with 
persistent emmetropia were significantly longer than those with persistent hyperopia 
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and emmetropising hyperopia, but shorter than those with newly developed myopia 
and persistent myopia throughout the study period (p<0.001). 
A more informative graphical display of the mean AL at each age, with 
successive points on the graph connected by straight lines is displayed in Figure 3 - 2.  
The mean response plots suggested that the growth curves of AL for all the groups 
may require nonlinear trends over time. 
3.2.3 Locally weighted smoothing scatter plots 
One well-known method, locally weighted smoothing scatter plots (LOWESS, 
sometimes called locally estimated scatterplot smoothing “LOESS”) was used to 
estimate the mean response of AL as a function of age.(Cleveland, 1979; Cleveland & 
Devlin, 1988)  It is beneficial for describing global patterns of change, especially in 
exploratory analysis where the form of growth curve is uncertain.   
In LOWESS, the data is modelled locally by a polynomial weighted least 
squares regression where the weights give more importance to the local data points.  It 
is less sensitive to outlying outcomes values because it employs iterated weighted 
least squares with a robustness feature that, after an initial locally-weighted smoothing, 
identifies and down-weights outliers in successive smoothing.  This method ignores 
the correlation structure in repeated measurements, but it allows for an informal 
examination for nonlinearity in the growth pattern.  Therefore, it is a popular 
technique to fit nonlinear models for complicated data sets.  Although nonparametric 
and spline smoother such as LOWESS impose few limitations on the functional form 
and describe the data well, a major drawback of these methods is that they do not 
generate simple equations on the relationship since they use local models.  Also, the 
application of nonparametric smoothing techniques to longitudinal data ignores the 
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correlation among repeated measures on the same subjects.(Fitzmaurice, Laird & 
Ware, 2004) 
The LOWESS smoothing curve for each refractive error group fitted using the 
AL data of all children is showed in Figure 3 - 3.  Similarly, the curves indicated that 
the AL was nonlinear and elongating steadily over time for all children but at different 
rates.  The elongation for the children with newly developed myopia and persistent 
myopia were more rapid than their peers at younger ages. 
3.2.4 Correlation structure 
The scatterplot matrix, a graphical display for exploring the degree of 
association in longitudinal data was considered.  The child’s age at each visit has also 
been rounded down to the nearest year of age for this analysis.  The second 
measurement was included for those who had 2 measurements within a year.  Figure 3 
- 4 is a scatterplot matrix constructed for all 21 possible pairings of the 7 repeated 
measures of AL for all children. The plots indicate that there was a strong positive 
relationship between repeated measures of AL over time.  The positive correlations 
were confirmed by the Pearson’s correlation coefficients (r) with the values of all r 
values greater than 0.84, except that between age 6 and 12 which was 0.54 (Table 3 - 
2).  Similar positive correlations were observed in each refractive error group.  All the 
r(s) for children with persistent hyperopia were > 0.74, > 0.82 for emmetropising 
hyperopia, > 0.72 (except between age 6 and 12 was 0.48) for newly developed 
myopia, > 0.75 for persistent myopia and > 0.87 for persistent emmetropia. 
Examination of the correlations showed a tendency to decrease with increasing 
time separation for all children, and those in each refractive error group.  This was 
demonstrated using the correlations between the first and subsequent observations and 
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second and subsequent observations in Figure 3 - 5.  The dramatic decreases or 
increases in the correlations between 6 and 11 or 12 years are possibly misleading 
since the number of children concerned was small (n < 10). 
3.3 DEVELOPMENT OF GROWTH CURVE 
3.3.1 Fractional polynomials 
One widely adopted approach for modelling curved relationship with an 
explicit function of time is to describe the pattern in terms of simple polynomial 
trends, such as, linear or quadratic trends.  However, polynomial regressions have 
some serious weaknesses.  It has long been recognised that conventional low order 
models do not always fit the data well as the range of curve shapes is limited and lack 
flexibility, while higher order models have a propensity to produce artefacts, that is, it 
often fits badly at the extremes of the observed range of predictors.(Royston & 
Altman, 1997)  Another disadvantage of conventional polynomial regression is its 
inability to model relationship with asymptotes and it cannot fit data where limiting 
behaviour is expected.(McCullagh & Nelder, 1989) 
Royston and Altman introduced an extended family of polynomial functions  
which they termed “fractional polynomials” (FPs), for modelling curved relationship 
between an outcome variable Y and a covariate X .(Royston & Altman, 1994)  It was 
based on a method of determining a power transform of a covariate proposed by Box 
and Tidwell.(Box & Tidwell, 1962)  This method increases the flexibility afforded by 
the conventional family of polynomials models, by allowing positive integer and non-
integer powers, as well as negative integer powers of X .  The fit of FP models is 
usually better than polynomials of the same degree and those of higher degree.  The 
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methodology can be used as model functions within the generalised linear models 
framework.  (Royston & Altman, 1997) 
The general m  degree FP function of a single continuous covariate X  (such 
as age) is given by: mzzz XXX 1110 21 ββββ ++++ K , where mzzz ,,, 21 K  are 
fractional powers.  FP functions with m  terms encompass conventional polynomials 
of degree m as a special case.  An integer suffix indicates the degree of FP.  The first-
degree function (FP1) is a power transformation model, 11 zXβ .  FP1 functions are 
always monotonic and those with power 0<z  have an asymptote as ∞→x .  The 
second-degree function (FP2) is an extension from the FP1 functions and FP2 has 
powers ),( 21 zz .  It includes the formulations 21 11 zz XX ββ +  and XXX zz ln21 11 ββ + , 
the latter being a so-called repeated-powers model.  FP2 functions maybe monotonic 
or unimodal, and they have an asymptote as ∞→x  when both 1z and 2z  are negative.  
In this thesis, the notations of FP )( 1z  and FP ),( 21 zz  were used to denote a first-
degree FP1 model with power of 1z  and a second-degree FP2 model with powers of 
1z and 2z . 
Although many different combinations of powers can be made in FP models, it 
has been suggested that the FP2 models often provide an adequate fit for the data in 
many practical applications.(Royston & Altman, 1997)  The powers 1z and 2z  are 
usually chosen from a restricted set, S = {–2, –1, –0.5, 0, 0.5, 1, 2, 3} where 0X  
denotes Xln .  The set S  is not allowed to be the entire set of real numbers for 
several reasons.  Estimation is less complicated by using a smaller set of S  and the 
algorithm for estimation of general powers which requires nonlinear optimisation may 
not always converge.(Royston & Sauerbrei, 2008)  Moreover, high power FP models 
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lack robustness as models with extreme positive or negative powers are very sensitive 
to mild outliers or values close to zero in the covariate X .  Therefore, a restricted set 
of S in the interval [–2, 3] provides the ‘best possible’ choice of powers for both FP1 
and FP2 models.  Although this restriction may have a suboptimal fit of a function, it 
has more stability of a function and it has greatly increased the general use of FP 
models to other settings. 
3.3.2 Selection of functional form 
Each possible power z  in the set of S  has to be considered in both FP1 and 
FP2 models; there are eight models for FP1 and 36 models for FP2.  For each model, 
the deviance (–2 log-likelihood) is calculated.  The best-fitting model is defined as the 
model whose z  (or combination of 1z and 2z ) maximises the likelihood among FP1 
and FP2 models, or model with lowest deviance.  As a working rule, it has been 
suggested that one model would be preferred to another of the same degree if the 
difference in deviance was greater than 2.7 which is the 90th centile of the 2χ  
distribution with 1 degree of freedom (d.f.).(Royston & Altman, 1997)  Similarly, a 
FP2 model would be preferred to a FP1 model if the difference in deviance was 
greater than 4.6 which is 90th centile of the 2χ distribution with 2 d.f.. 
A closed test procedure which preserves the overall (that is “family wise”) 
type I error rate was proposed for selecting a suitable FP model from models with 
different degrees, i.e. FP1 and FP2.(Sauerbrei & Royston, 1999)  Firstly, the best FP2 
model for X  is tested at the α level against the null model (that is, model without 
covariate X ) using a 2χ  test on 4 d.f..  If the test is not significant, then the 
conclusion would be that the effect of X  is non-influential.  Otherwise, the best FP2 
is compared with a straight line using 3 d.f..  If the test is not significant then a 
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straight line model is concluded, otherwise the best FP2 is tested against the best FP1 
using 2 d.f..  If the test is not significant then the final model is FP1, otherwise FP2 is 
the final model.  It has been confirmed that these tests are slightly conservative since a 
small restricted set of powers is used.(Ambler & Royston, 2001; Royston & Altman, 
1994)  
A plot of raw and smoothed residuals with 95% confidence interval (CI) 
obtained from a locally linear (running-line) smoother is useful to examine the 
adequacy of selected functional form.(Sasieni & Royston, 1998)  The locally linear 
smoother is a specific case of LOWESS when the weighting function was not in use. 
3.3.3 Marginal models and generalised estimating equations 
Since the primary question of interest in this study was to compare the growth 
of ocular components across refractive errors groups, marginal models were employed 
in the analysis.  Marginal models (often referred to as “population-average models”) 
are primarily used to make inference about population means.  As a consequence, the 
mean response and the within-subject association among the repeated measures are 
modelled separately in marginal models for longitudinal data.  To make correct 
inference about changes in the population mean response, the within-subject 
association is considered as a nuisance characteristic of the data that must be 
accounted for.  The marginal models demand only a regression model for the mean 
response, but do not require a distributional assumption for the responses.  The 
avoidance of the need to specify a joint distribution for the responses leads to a 
method of estimation known as generalized estimating equations (GEE). 
The GEE approach is an extension of the quasi-likelihood and marginal model 
approach proposed by Liang and Zeger to analysing repeated measures data.(K. Y. 
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Liang & Zeger, 1986; Zeger & Liang, 1986)  It only requires the model for the 
marginal mean and a working covariance matrix for the vector of repeated 
measurements from each subject to be specified.  This approach is based on the 
concept of “estimating equations” and provides a very general and unified approach 
for analysing correlated outcome which can be discrete or continuous.  The GEE 
methodology consists of two-stage estimation procedure, that is, the quasi-likelihood 
solution for estimators of regression coefficient, and a robust moment-based method 
for estimators of correlation parameters, based on Pearson residuals.  These steps are 
repeated until convergence is achieved.  It is widely known that the GEE approach 
provides consistent estimates of the regression parameters relating the mean to the 
covariates even when the model of the within-subject association is misspecified.(K. 
Y. Liang & Zeger, 1986) 
3.3.4 Illustration of growth curve development 
Coefficients in the FP models were estimated using the GEE method, that is, 
the “fracpoly xtgee” function in STATA were used to estimate the growth curves from 
age 6 to 13 years.  As the outcome of interest in this analysis, that is AL, was a 
continuous variable, the normal distribution, the identity link function and the 
exchangeable working correlation structure were used. 
The AL data of children with persistent emmetropia were used to illustrate the 
procedures of selecting the best-fitting functional form.  Table 3 - 3 shows the 
deviance fitted with 44 FP1 and FP2 models, while Figure 3 - 6  shows deviance as a 
function of 1z and 2z .  The FP (3, 3) model had the smallest values of deviance, that is 
–765 and hence the best-fitting FP model for AL.  It was followed by the FP (3, 2) 
with deviance –763, and then FP (2, 2) with deviance –761. 
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Table 3 - 4 gives the deviance differences from the null model and p-values 
for the effect of age from linear, quadratic, cubic, best-fitting FP1 and FP2 models. 
The age effect was significant in all these models. Figure 3 - 7 shows the fitted curves 
from the models in Table 3 - 4.  In terms of the deviance, the FP (–2) and FP (3, 3) 
models were superior to the linear, quadratic and cubic models.  The FP (3, 3) model 
fitted significantly better than FP (–2) when the two FP models were compared (p < 
0.001). 
Further evidence of lack of fit for linear, quadratic, cubic and FP (–2) models 
is seen in Figure 3 - 8 which shows smoothed residuals from the various types of 
models together with the associated 95% pointwise CI.  Figure 3 - 9 shows that 
residuals for FP (3, 3) appeared roughly random and the fit was improved.  Hence, the 
FP model with powers (3, 3) was a good choice for the AL data of children with 
persistent emmetropia. 
3.4 COMPARISONS OF GROWTH CURVES 
3.4.1 Multivariable fractional polynomial interaction 
The interactions between age and refractive error groups have to be considered 
when the growth curves between groups are compared.  Multivariable fractional 
polynomial interaction (MFPI) algorithm which was proposed for investigating 
possible interactions between a continuous covariate X and a binary or categorical 
covariate G  by Royston and Sauerbrei was employed in this analysis. (Royston & 
Sauerbrei, 2004)   The MFPI algorithm allows for possible non-linearity in X  at all 
levels of G  and uses all information from X .  It is an extension of the multivariable 
fractional polynomial (MFP) algorithm for the simultaneous selection of influential 
variables and determination of functional form for continuous covariates.(Sauerbrei & 
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Royston, 1999)  The variables in MFP are selected by backward elimination. The 
MFP algorithm investigates in a systematic way if the effect of a continuous covariate 
is better modelled by a nonlinear function from the class of FPs or by a linear function. 
There are two stages in MFPI algorithm.  A multivariable adjustment model is 
first developed by MFP algorithm, without considering the covariate X .  Then, the 
effect of X  is modelled by selecting the best FP2 transformation within each level of 
G , but under the constraint of having the same powers for all levels of G .  Assume 
that the categorical covariate G  only has two levels in this analysis.  The test of 
interaction is a likelihood ratio test by comparing the model with separate functions 
for X  in G  with a “main” effects model with the same function in both levels of G .  
The difference in deviance is compared with 2χ  distribution on 2 d.f..(Royston & 
Sauerbrei, 2004) 
3.4.2 Illustration of model comparisons 
The AL data of children with persistent emmetropia and persistent myopia 
were used to illustrate the procedures of examining the interaction effect of age and 
refractive error group.  The same procedures were repeated for pairwise comparisons 
between children with persistent emmetropia and persistent hyperopia, persistent 
emmetropia and hyperopia who emmetropise, persistent emmetropia and newly 
developed myopia for each ocular component. 
Firstly, the relationship of ocular components and age for children with 
persistent emmetropia and persistent myopia was modelled by a FP function adjusting 
for gender, ethnicity, father’s education level and their height (cm) measured at each 
visit.  These covariates were selected based on the subject-matter knowledge.  After 
adjustment, FP (2, 3) with lowest deviance of –5,300 was selected as the best FP2 
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transformation for age.  Since the models fitted by GEE are not based on likelihood, 
there is no likelihood ratio test available.  For the test of interaction, the model with 
FP (2, 3) for age has been fitted using the multilevel mixed-effects linear regression 
(that is xtmixed in STATA) with random intercept.  This mixed effect model is 
equivalent to the GEE model with exchangeable covariance matrix.  The fitted curves 
after adjustment are given in Figure 3 - 10.  A highly significant interaction was found 
between age and refractive error group (p < 0.001) from the likelihood ratio test. 
3.5 CHANGES IN REFRACTION AND OCULAR 
COMPONENTS BEFORE AND AFTER THE ONSET OF 
MYOPIA 
3.5.1 Exploratory analysis 
In this analysis, children with persistent emmetropia and newly developed 
myopia who had at least three visits between the ages of 6 to 13 years were 
considered.  For children with newly developed myopia, only those who had at least 1 
visit before and after the onset of myopia were analysed. 
The trajectories of AL before and after the onset of myopia and LOWESS 
smoothing curves for children with newly developed myopia were plotted to visualise 
the pattern of changes before the modelling process. 
3.5.2 FP models 
For children with persistent emmetropia, the best-fitting FP transformations 
for age were determined.  Subsequently, the gender and ethnicity of the children were 
included in the models and these FP models of SE and ocular components were 
referred as emmetropia models. 
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For children with newly developed myopia, the year of onset was defined as 
year 0, the first year prior to the onset was –1, the second year prior to onset was –2, 
and so forth.  Similarly, the first, second and third year after the onset of myopia was 
defined as year +1, +2, +3 and so forth.  The growth curves before and after the onset 
of myopia for these children were modelled using FP methods.   
3.5.3 Piecewise models for children with newly developed myopia 
A piecewise model incorporates separate growth profiles according to various 
stages from which repeated measurements were made.  In this model, the growth 
trajectory is broken up into several separate components which represent the periods 
before, during or after a critical event.  This model is particularly interesting when one 
wants to compare growth rates during two or more periods of time.(Bryk & 
Raudenbush, 1987)   
In the development process of myopia, a child becomes myopic when their SE 
of refractive error was more negative than –0.5 D.  Several rates are possible for 
growth during the myopia development and a single growth curve may not be 
adequate in reflecting this process.  Therefore, a piecewise model was developed to 
compare to best-fitting FP model in modelling the changes in refraction and ocular 
components before and after the onset of myopia.  The model with lowest deviance 
was selected. 
In this analysis, the two stages were referred to the years before and after the 
onset of myopia.  The GEE method was used to estimate the piecewise growth curves 
before and after the onset of myopia using the AL data of children with newly 
developed myopia.  The coefficients in the piecewise models were estimated using the 
STATA xtgee function with normal distribution, identity link function and the 
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exchangeable working correlation structure.  This analysis assumed that the AL data 
is linearly related to age over time, allows one to fit pre- and post-myopia onset 
simultaneously using all data points, and also can account for dependence between 
measurements collected over time. 
3.5.4 Matched-emmetropia values 
For the comparison of changes in refractive error and ocular components 
before and after the onset of myopia, each child with newly onset myopia has to be 
matched to at least 1 child with persistent emmetropia based on the child’s age, 
gender and ethnicity.  However, a one-to-one or one-to-many matching was 
unachievable given the sample size of these children in this study.  Therefore, a set of 
hypothetical age, gender and ethnicity-matched emmetropia data were generated for 
each data point of children with newly developed myopia.  Firstly, the age for each 
child with newly developed myopia at each study visit, their gender and ethnicity 
were fitted to the emmetropia models of SE and each ocular component.  These 
yielded the age, gender and ethnicity-matched values of SE and ocular components 
for each observation of children with newly developed myopia.  These values 
estimated from the emmetropia models were referred to as matched-emmetropia 
values.  These values were modelled by FP methods and the models were defined as 
matched-emmetropia models. 
3.5.5 Instantaneous rate of change 
In addition to the overall growth pattern before and after the onset of myopia, 
this analysis also aimed to examine the rate of growth during the study period.  The 
instantaneous rate of change at each time point prior to and after myopia onset was 
determined by the slope of the tangent line at a specific time T  and mean growth 
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curve evaluated at T .   The slope of the tangent line indicates the change in refractive 
error and ocular components for a unit increase in the year from myopia onset 












221 ln −−− ++ zzz XXXzXz βββ  for the repeated-powers model.(Long & 
Ryoo, 2009)  The slope can be zero at exactly one point for a FP2 model which is 
concave or convex with respect to time and has a single minimum or maximum value.  
The differences between observed data of children who had newly developed myopia 
and their corresponding matched-emmetropia values for SE and each ocular 
component were calculated and modelled using the FP models. 
3.5.6 Illustration of modelling for changes 
Figure 3 - 11 shows the trajectories of AL measured before and after the onset 
of myopia for 10 randomly selected children with newly developed myopia.  The 
fitted LOWESS smoothing curve revealed that the mean AL increased slightly more 
rapidly before-myopia.  Figure 3 - 12 shows the fitted curves of the piecewise and 
best-fitting FP (2, 3) models and the associated 95% CIs.  In terms of the deviance, 
the FP (2, 3) was superior to the piecewise model (differences in deviance from null 
model: –3,031 vs. –2,782).  The residuals for both models were randomly distributed 
but the fit of FP (2, 3) was better than the piecewise model (Figure 3 - 13) 
The raw differences between observed and matched-emmetropia values of AL 
and their best-fitting FP line are showed in Figure 3 - 14.  The children with newly 
developed myopia had slightly longer AL between 4 and 2 years before onset, but the 
differences became much larger over time (p < 0.001). 
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Figure 3 - 15 displays the fitted FP model for children with newly developed 
myopia and matched-emmetropia model.  When compared to the matched-
emmetropia, the children who have newly developed myopia had more rapid 
elongation from –3 years before onset.  In contrast to the steady rate of change in 
matched-emmetropia, the rate of change curve for children with newly developed 
myopia had an inverted U-shape where the peak occurred on the year of onset (lower 
panel of Figure 3 - 15). 
3.6 COMPARISONS OF HEALTH-RELATED QUALITY OF 
LIFE 
3.6.1 Statistical analyses 
There is an exploratory objective of assessing the impact of presenting visual 
impairment and refractive errors on HRQoL measures in this analysis.  The principal 
study endpoint was the total score, and for this domain the differences in means of 
those with BEVI and refractive errors present or absent, measured during the eye 
examinations conducted in 2005 and 2006, were compared to their peers and the 
associated 95% CI and p-values were presented.  The impacts of five refractive error 
groups defined using the longitudinal data of SE measured during the ages of 6 to 13 
years old (that is, persistent hyperopia, emmetropising hyperopia, persistent 
emmetropia, newly developed myopia and persistent myopia) on the HRQoL 
measures were also assessed.   
The minimal clinically meaningful differences for total score suggested by 
Varni and associates was 4.36.(Varni, Burwinkle, Seid & Skarr, 2003) With a two-
sided test size of 5% and power of 90%, the required sample size to detect this 
difference was at least 135 subjects in each group. The calculation was carried out 
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using the estimated mean total score of healthy samples in USA of 84 and SD: 12.5. 
(Varni, Burwinkle, Seid & Skarr, 2003) 
Scale scores were computed as the sum of the items divided by the number of 
items answered.  If more than 50% of the items in the scale are missing, the scale 
score was not computed.  Multivariable adjusted analysis of these differences 
controlling for age, gender, ethnicity, father’s highest educational level, medical 
conditions and use of corrective device were also performed.  The covariates included 
in the model were selected based on the subject-matter knowledge.  Comparisons of 
other domains and adjusted comparisons were primarily hypothesis generating, the 
associated p-values only regarded as indicative of possible differences with no 
adjustment for multiple testing being made.(Perneger, 1998)  Analyses were repeated 
for healthy children without any medical problems.   
The concordance between child and parent-proxy was determined through the 
intra-class correlation coefficient (ICC).  The agreement of total scores reported by 
the child and parent-proxy was also assessed using Bland-Altman plot.  These plot the 
difference in total scores between the parent proxy and child against the mean value 
of the two scores.  The plot allows the mean of these difference, d, to be visually 
displayed and illustrates the scatter around that mean.  The limits of agreement are 
calculated by d + 1.96sd where sd is standard deviation of the difference.  If the child 
and parent proxy tend to disagree but without a consistent pattern of one rating higher 
than the other, the mean will be near zero but the agreement limits will be 
wide.(Bland & Altman, 1986) 
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CHAPTER 4  RESULTS 
4.1 DEMOGRAPHIC AND CHARACTERISTICS OF STUDY 
SUBJECTS 
The demographics and characteristics by refractive error groups are listed in 
Table 4 - 1. The hyperopia and newly developed myopia groups had more children 
with age 6 at entry compared to those with persistent myopia and persistent 
emmetropia.  There were slightly more males with persistent emmetropia and 
persistent myopia, more Chinese and more with fathers who had at least Pre-U or 
diploma in the newly developed myopia and persistent myopia groups.  The persistent 
emmetropia and persistent myopia groups were heavier than other groups.  More than 
half of the children (64% persistent hyperopia, 70% emmetropising hyperopia, 72% 
persistent emmetropia, 50% newly developed myopia, 54% persistent myopia) had 5 
or 6 visits. 
Table 4 - 2 shows the patterns of visits for the children by their refractive error 
groups for each year of age.  In total, 602 (34%) children had 6 consecutive visits, 339 
(19%) had 5, 444 (25%) had 4 and 114 (6%) had 3 consecutive visits after their 
enrolment into SCORM. 
4.2 GROWTH CURVES OF HEIGHTS, SE OF REFRACTIVE 
ERROR AND OCULAR COMPONENTS  
4.2.1 Heights 
Figure 4 - 1 displays the trajectories of height (cm) for each refractive error 
group and their fitted LOWESS smoothing curves.  Figure 4 - 2 shows their best-
fitting FP models of heights.  All these plots show similar trends, that is, the increases 
in height remained constant with age for all the refractive error groups. 
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4.2.2 Spherical equivalent of refractive error 
Figure 4 - 3 displays the LOWESS curves and trajectories of SE (D) for each 
refractive error group.  Comparing the best-fitting FP curves in Figure 4 - 4, the plots 
revealed that the change in SE was faster in the younger children with myopia than 
those with emmetropia and hyperopia, and slowed down after 11 years of age for all 
refractive error groups.  The SE of the children with persistent hyperopia and 
emmetropising hyperopia changed faster before their age of 8 years but thereafter the 
changes were minimal (Figure 4 - 4). 
4.2.3 Axial length 
Figure 4 - 5 displays the trajectories and LOWESS curves for 10 randomly 
selected children from each refractive error group.  For each group, the spread in AL 
among the children at the younger ages were similar to the spread when they were 13 
years old.  These plots also show that there was substantial within-subject variability 
in AL.  This was discerned from the somewhat jagged appearance of the line segment 
that joined the repeated measures of AL on any subject.  In addition, there was also 
very substantial between-subject variability.  That is, some of the children have 
consistently longer AL at all ages, while others have consistently shorter AL.  The 
LOWESS smoothing curve for each refractive error group fitted using the data of all 
children showed in Figure 4 - 5 highlighted that the AL was elongating steadily over 
time for all children but at different rates.  The elongation for the children with newly 
developed myopia and persistent myopia were more rapid than their peers at younger 
ages.  These curves indicate a second-order FP model might be appropriate. 
The best-fitting FP models for each refractive error group are given in Figure 4 
- 6.  The AL of all children was elongated when they grew from 6 to 13 years old but 
the elongation slowed with age.  The elongation tapered off after 10 years of age for 
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all children.  Throughout the period, the longest AL was observed in children with 
persistent myopia, followed by newly developed myopia, persistent emmetropia, 
emmetropising hyperopia and finally persistent hyperopia (Figure 4 - 6).  The 
elongation rate was similar for children with persistent hyperopia and emmetropising 
hyperopia compared to those with persistent emmetropia.  Children with myopia have 
faster elongation than those with persistent emmetropia, especially at age less than 10 
years old.  The best-fitting FP models of AL are given in Table 4 - 3. 
Pairwise comparisons between growth patterns of AL for children with 
persistent emmetropia and other refractive error groups suggest that the elongation of 
children with newly developed myopia (p < 0.001) and persistent myopia (p < 0.001) 
were significantly faster than for those with persistent emmetropia, but the elongation 
of children with persistent hyperopia (p = 0.099) and hyperopia who emmetropise (p 
= 0.196) were not significantly different from children who were emmetropic, after 
adjusting for gender, ethnicity, father’s education level and height (Figure 4 - 7). 
4.2.4 Vitreous chamber depth 
Figure 4 - 8 presents the trajectories and LOWESS curves of VCD for 10 
randomly selected children of each refractive error group.  The VCD were growing 
steadily over time at different rates where the rate for children with persistent 
hyperopia, emmetropising hyperopia and persistent emmetropia were similar.  Figure 
4 - 9 shows that the children with persistent myopia had the deepest vitreous chamber 
between 6 to 13 years of age, followed by newly developed myopia, persistent 
emmetropia, emmetropising hyperopia and children with persistent hyperopia.  For all 
children, the vitreous chamber was deepened as the child grew older but the 
deepening tapered off after 10 years of age.  A similar rate of deepening in vitreous 
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chamber was observed among children who were emmetropic, hyperopic and 
emmetropising hyperopic.  Children who were myopic and children who had newly 
developed myopia appeared to have faster deepening in VCD compared to those who 
were emmetropic, especially at younger ages.  The best-fitting FP models of VCD are 
given in Table 4 - 3. 
When compared to persistent emmetropia, children with myopia (newly 
developed myopia: p < 0.001; persistent myopia: p < 0.001) but not those with 
hyperopia (persistent hyperopia: p = 0.091; hyperopia who emmetropise: p = 0.059), 
had significantly faster deepening of the VCD, after adjusting for gender, ethnicity, 
father’s education level and height (Figure 4 - 10). 
4.2.5 Anterior chamber depth 
The trajectories and LOWESS curves for 10 randomly selected children per 
group are displayed in Figure 4 - 11.  The ACD curves for children with persistent 
emmetropia, persistent myopia and newly developed myopia followed an inverted U-
shape; while those with persistent hyperopia and emmetropising hyperopia had a 
constant ACD has demonstrated by a flat line (Figure 4 - 12).  Children with 
persistent hyperopia had the shallowest ACD, followed by children with 
emmetropising hyperopia, throughout the time they were observed.  The ACD of 
children with persistent emmetropia was slightly deeper than for children with newly 
developed myopia at younger ages, but the ACD became shallower after 8.5 years of 
age.  Children with persistent myopia had the deepest ACD between 6 to 13 years of 
age.  The peak of the ACD curve occurred at around 9 years in children with 
persistent emmetropia and 10 years in those with persistent myopia and newly 
developed myopia.  The ACD of children with persistent myopia deepened at a faster 
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rate than those with persistent emmetropia at younger ages, but their rates were 
similar after the age of 10 years.  Table 4 - 3 provides the best-fitting FP models of 
ACD. 
In Figure 4 - 13, the deepening in ACD for children who had newly developed 
myopia (p < 0.001) was significantly faster at younger ages, but the rate of reduction 
was slower at older ages compared to those who were emmetropic.  This occurred 
after adjusting for gender, ethnicity, father’s education level and height.  However, no 
significant differences in the growth rates of ACD were observed from the 
comparisons between children with persistent emmetropia and other groups 
(persistent hyperopia: p = 0.421; hyperopia who emmetropise: p = 0.769; persistent 
myopia: p = 0.657). 
4.2.6 Lens thickness 
Figure 4 - 14 displays the trajectories and LOWESS curves of LT for 10 
randomly selected children per group.  In contrast to ACD, the growth of LT followed 
a U-shape pattern for all children, but those who were persistently hyperopic had a 
‘flat line’ (Figure 4 - 15).  A trough in the LT measurements were observed at around 
9 years of age for children with persistent emmetropia and emmetropising hyperopia, 
while for those with persistent myopia and newly developed myopia, this was 
observed at around 10 years of age.  Children with persistent emmetropia have thinner 
lenses than those with persistent hyperopia and emmetropising hyperopia.  When 
compared to those with newly developed myopia, the lenses of children who were 
emmetropic were thicker before 10 years of age, but thinner after that.  The thinnest 
lens was observed in children with persistent myopia.  The best-fitting FP models of 
LT are given in Table 4 - 3. 
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Similar lens thinning rates were observed for children with persistent 
emmetropia and emmetropising hyperopia at younger ages (Figure 4 - 16).  However, 
the rate of lens thickening was faster for children with emmetropising hyperopia after 
the trough than for those with persistent emmetropia.  The rate of lens thinning of 
children with newly developed myopia was faster compared to those who were 
emmetropic in the initial years, and the subsequent thickening of the lens in later years 
was slower in children who developed myopia.  After adjusting for gender, ethnicity, 
father’s education level and height, the growth rate of LT in children with persistent 
emmetropia differed from those with newly developed myopia (p < 0.001; persistent 
hyperopia: p = 0.853; hyperopia who emmetropise: p = 0.549; persistent myopia: p = 
0.166). 
4.2.7 Corneal radius of curvature 
Between the age of 6 and 13 years old, there were minimal changes in CR for 
children who were myopic while a flat line was observed for children who had 
persistent hyperopia and persistent emmetropia (Figure 4 - 17).  Children with 
persistent hyperopia had the largest CR, followed by children with persistent 
emmetropia, newly developed myopia, emmetropising hyperopia and those with 
persistent myopia.  The best-fitting FP models of CR are given in Table 4 - 3 and 
Figure 4 - 18.  No difference was found in the growth rate of CR between the groups 
after the adjusting for gender, ethnicity, father’s education level and height of the 
children (Figure 4 - 19). 
4.3 REFRACTIVE ERROR, OCULAR COMPONENTS BEFORE 
AND AFTER THE ONSET OF MYOPIA 
Based on randomly selected eyes, 369 children were emmetropic throughout 
the observation period.  Most of the children had enrolled into the study at the age of 
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7 (37%) and 8 (36%) years old (Table 4 - 4).  The majority were male (59%), Chinese 
(64%), and had 4 (34%) or 5 (31%) visits.  Of the 601 children with newly developed 
myopia, 508 (85%) who had at least 1 visit before and after the onset of myopia were 
included in the analysis.  Almost half of the children enrolled into the study at the age 
of 7 (47%) years old.  The mean age at the year of myopia onset was 9.5 (SD: 1.1) 
years and the median was 9.5 (Range: 7.4 to 11.9) years.  The majority of these 
children were Chinese (78%), female (55%) and had 6 visits (43%).  There were a 
total of 2,602 measurements for the children with newly developed myopia during the 
school visits.  The number of measurements before the onset was lesser, with 909 
measurements for the pre-myopia period and 1,185 measurements for the post-myopia 
period. 
The number of children with newly developed myopia and their SE at each 
visit are given in Table 4 - 5.  The analysis was based on the data of more than 100 
children at each visit except –4 and +4 years from the onset.  At –4 and –3 years 
before the onset, a mean SE of 0.5 D was observed.  Their SE decreased to 0.25 D at –
2 years and the children had more myopia (SE = –0.11 D) at –1 year prior to myopia 
onset. 
4.3.1 Spherical equivalent of refractive error 
The SE of refractive error measured pre- and post-myopia for 10 randomly 
selected children who had newly developed myopia are displayed in Figure 4 - 20 and 
a LOWESS smoothing curve was also fitted.  The decrease of SE was slower at the 
initial period, but the SE decreased more rapidly after –2 years prior to the onset of 
myopia.  The FP (3, 3) was the best-fitting FP model for children with newly 
developed myopia.  The differences between observed SE of children with newly 
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developed myopia and their matched-emmetropia values are plotted in Figure 4 - 21, 
together with the best-fitting FP (3,3) model for the differences.  The difference 
became significant after 1 year prior to the onset of myopia (p < 0.001). 
Figure 4 - 22 shows the fitted values and slope of change in SE for children 
with newly developed myopia and matched-emmetropia over the study period.  The 
children with newly developed myopia became more myopic from 3 years before 
onset when compared to matched-emmetropia.  The mean SE of –0.5 D was observed 
at approximately 0.5 years before the onset, while the mean SE was recorded as –0.82 
D in the year of onset.  Table 4 - 6 shows the estimated mean and standard error 
obtained from the FP models of SE for children with newly developed myopia and 
matched-emmetropia, at each visit between 4 years before onset and 4 years after the 
onset of myopia.  The matched-emmetropia model had a decrease of 0.75 D in the SE 
throughout the study period but this stability was due partly to the definition for 
persistent emmetropia group.  Conversely, a larger decrease of 3.18 D was found in 
children with newly developed myopia.  Their SE decreased from a mean of 0.47 D at 
4 years before onset to –2.72 D at 4 years after the onset.  The mean difference in SE 
between groups increased from 0.22 D at –3 years to 2.87 D at +4 years after onset, 
when the maximum difference was observed. 
Figure 4 - 22 also shows that the matched-emmetropia and newly developed 
myopia differed in their rate of change (lower panel).  The SE for matched-
emmetropia decreased at a constant rate of –0.09 D.  However, the rate of change for 
children with newly developed myopia followed a U-shaped pattern and a trough was 
observed at approximately 1 year after onset.  Their rate was greater and more rapid 
from 3 years prior to the onset through 1 year after the onset.  The rate was 
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approximately –0.13 D at –3 years, –0.33 D at –2 years, –0.52 D at –1 year, –0.64 D 
at year of onset and the most rapid progression of –0.67 D was observed at 1 year 
after onset of myopia.  Thereafter, the rate of change in SE was slower with time. 
4.3.2 Axial length 
Figure 4 - 23 shows the trajectories of AL measured before and after the onset 
of myopia for 10 randomly selected children.  The LOWESS curve revealed that the 
mean AL increased slightly more rapidly before-myopia.  The best-fitting model was 
FP (2, 3) for the growth of AL during this period for those who developed myopia.  
Figure 4 - 24 displays the raw differences in the observed AL of children with newly 
developed myopia and the matched-emmetropia values and their best-fitting FP line.  
The children with newly developed myopia had slightly longer AL between 4 and 2 
years before onset than matched-emmetropia, but they have much longer AL 
thereafter (p < 0.001). 
Figure 4 - 25 displays the fitted values and slope of change in AL.  When 
compared to the matched-emmetropia, the children who have newly developed 
myopia had more rapid elongation from 3 years before onset.  The AL of matched-
emmetropia at 4 years before onset was 22.65 mm and it increased at a constant rate 
of approximately 0.10 mm per year (Table 4 - 6).  The children with newly developed 
myopia have similar AL initially, but they have longer AL than matched-emmetropia, 
especially after the onset of myopia.  The AL for children with newly developed 
myopia have elongated approximately 1.80 mm throughout the study period.  The 
mean difference in AL increased from 0.09 mm at –3 years, to 0.21 mm at –2 years 
and 0.39 mm at –1 years before onset.  In contrast to the steady rate of change in 
matched-emmetropia, the rate of change curve for children with newly developed 
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myopia had an inverted U-shape where the peak occurred on the year of onset (Figure 
4 - 25).  The most rapid elongation rate occurred during the year of onset was 0.33 
mm.  The rate was approximately 0.14 mm at –3 years, 0.25 mm at –2 years and 0.31 
mm at –1 years before onset.  Similar to the change in SE after onset, the elongation 
rate also slowed with time. 
4.3.3 Vitreous chamber depth 
The VCD measured before and after the onset and myopia of 10 randomly 
selected children are showed in Figure 4 - 26.  Similar to AL, the LOWESS 
smoothing curve also revealed that the mean of VCD increased more rapidly after the 
onset of myopia.  The best-fitting model for VCD of children with newly developed 
myopia was FP (2, 3).  The raw differences between observed VCD of children with 
newly developed myopia and their matched-emmetropia values, and its’ best-fitting 
FP line are plotted in Figure 4 - 27.  The VCD was slightly deeper in children with 
newly developed myopia between 4 and 2 years before myopia onset.  At –2 years 
before the onset and thereafter, the VCD of children who had newly developed 
myopia was significantly deeper (p < 0.001). 
The growth curves of VCD for both groups behaved in a similar fashion to AL.  
In Figure 4 - 28, the mean VCD was deeper in children with newly developed myopia 
when compared to matched-emmetropia, and their deepening was also faster from 3 
years before onset.  The children who had newly developed myopia underwent a 
larger increase of 1.83 mm in VCD, while the matched-emmetropia only had a total 
increase of 0.90 mm throughout the study period (Table 4 - 6).  The VCD of those 
with newly developed myopia was consistently longer than matched-emmetropia, 
from a mean difference of 0.04 mm at –4 years to 1.18 mm at +4 years after the onset.  
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The VCD for matched-emmetropia elongated steadily at 0.11 mm per year, but the 
rate of change curve for the children with newly developed myopia followed an 
inverted U-shape (Figure 4 - 28).  The VCD was elongated throughout the study 
period, but the elongation slowed with time.  As with the change in AL, the faster 
elongation rate was 0.33 mm during the year of onset.  The rate at –3 years was 
approximately 0.14 mm, 0.24 mm at –2 years and 0.30 mm at –1 year before onset. 
4.3.4 Anterior chamber depth 
Figure 4 - 29 shows the ACD measured before and after the onset and myopia. 
The LOWESS smoothing curve revealed that the mean of ACD pre- and post-myopia 
followed a U-shape.  That is, the mean ACD increased during the pre-myopia period 
but decreased after the onset of myopia.  The FP (2, 2) was the best fitting FP model 
of ACD for those who had newly developed myopia.  Figure 4 - 30 shows that the 
distribution and best-fitting line for differences between observed ACD of children 
with newly developed myopia and their matched-emmetropia value.  Comparisons 
revealed no significant difference in ACD of those with newly developed myopia and 
matched-emmetropia between –4 before the onset and +4 after the onset of myopia. 
Unlike AL and VCD, the fitted FP lines for ACD show an inverted U-shape 
curve for children with newly developed myopia and their matched-emmetropia 
model (Figure 4 - 31).  While the peak for the matched-emmetropia was observed 
between 1 year before onset and the year of onset, the peak for those who developed 
myopia only occurred between 1 and 2 years after the onset.  This indicates that the 
elongation of anterior chamber for children with newly developed myopia continued 
until 1 year after the onset of myopia and the ACD became shallow thereafter.  The 
ACD for children who had newly developed myopia was deeper when compared to 
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matched-emmetropia, but not initially at 3 and 4 years before the onset (Table 4 - 6).  
The mean differences range between 0.01 mm and 0.08 mm.  Comparing the rate of 
change curves in Figure 4 - 31 (lower panel) showed that the anterior chamber for 
children who have newly developed myopia was deepening more rapidly than the 
matched-emmetropia between 3 years before onset and 2 years after the onset of 
myopia.  However, the rates of changes were minimal.  The rates were 0.002 mm at –
4 years, 0.027 mm at –3 years, 0.032 mm at –2 years and 0.028 mm at –1 year before 
the onset. 
4.3.5 Lens thickness 
In Figure 4 - 32, the LOWESS curve showed that the mean of AL for children 
with newly developed myopia followed an inverted U-shape, but the increase in LT 
post-myopia period might be minimal.  The best-fitting FP model for these children 
was FP (0, 0).  Figure 4 - 33 reveals that the differences between observed ACD of 
children with newly developed myopia and their matched-emmetropia value were not 
substantial for the study period.  The differences were only significantly differed at 4 
years before the onset of myopia (p = 0.043). 
Figure 4 - 34 displays the fitted FP lines of LT.  The growth of LT followed a 
U-shape pattern and a trough in the LT measurements were observed at around 3 
years after onset for matched-emmetropia.  However, the LT for children who had 
newly developed myopia decreased monotonically.  Their LT thinned by a total of 
0.13 mm, decreased from a mean of 3.53 mm at –4 years to 3.40 mm at +4 years after 
the onset (Table 4 - 6).  The lens of children with newly developed myopia was 
thicker than matched-emmetropia between 4 years and 2 years before onset, but they 
have thinner lens from –1 year before onset through +4 years after onset.  However, 
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the mean differences in LT between groups were less than 0.06 mm during the study 
period.  When the rates of thinning in lens were compared, no substantial differences 
was identified in the rates of those who had newly developed myopia and matched-
emmetropia (Figure 4 - 34). 
4.3.6 Corneal radius of curvature 
Figure 4 - 35 shows a plot of CR measured before and after the onset of 
myopia and the LOWESS curve.  The plot shows that the mean of CR remained 
relatively flat for both pre- and post-myopia period.  The FP (0.5, 1) was the best-
fitting FP model for children with newly developed myopia.  During the modelling 
process of the differences between observed CR of children with newly developed 
myopia and their matched-emmetropia values, the time was found to be non-
influential on the difference.  The mean difference of CR was –0.01 mm (Figure 4 - 
36). 
The fitted FP lines of CR for children with newly developed myopia and 
matched-emmetropia and the slope of change are showed in Figure 4 - 37.  The CR 
for children with newly developed myopia was slightly shorter than matched-
emmetropia.  However, minimal changes in growth and rate of change in CR were 
found between both groups.  There were trivial increases in CR from 7.74 mm at –4 
years before onset to 7.77 mm at +4 years after onset for those who have newly 
developed myopia (Table 4 - 6).  However, a flat line was fitted for the growth of CR 
for matched-emmetropia.  The mean difference in CR was only 0.01 mm and remains 
constant throughout the study period.  
67 
 
4.4 COMPARISONS OF HEALTH-RELATED QUALITY OF 
LIFE 
4.4.1 Characteristics of children attended eye examination 2005 / 2006 
Of the 1,554 children invited for a follow up eye examination during the 2005-
2006 school visits, 1,250 (80.4%) children attended the examination although 1 was 
aged 20 years and so is not considered further in this report.  All these children and 
the parent proxy of 948 (76%) completed the HRQoL reports, of which 72% of parent 
proxy-reports was completed by mother and 86% was in English.  The Cronbach’s 
alphas were all > 0.70 for the Mandarin parent proxy-report (Total: 0.92, Physical: 
0.84, Psychosocial: 0.90, Emotional: 0.86, Social: 0.81 and School: 0.77).  The parent 
proxy of younger (p < 0.01), female (p < 0.01), Chinese (compared to Malay, p < 0.01) 
and children who wore corrective devices (p = 0.01) were more likely to complete the 
parent proxy-reports (Table 4 - 7).  The children’s mean age was 13.8 (SD: 1.4).  
Fifty-one percent were female with the racial composition being 70% Chinese, 17% 
Malay, 7% Indian and 6% others.  Three hundred and fifty four (28%) had medical 
conditions such as overweight (188), asthma (87), obesity (60) and migraine (24).  
Presenting BEVI was identified for 71 children and the prevalence rate was 5.7% 
(95% CI: 4.5 to 7.1).  One hundred and ten (8.8%, 95% CI: 7.3 to 10.5) had high-
myopia, 784 (62.8%, 95% CI: 60.0 to 65.5) low-myopia and 355 (28.4%, 95% CI: 
26.0 to 31.0) had non-myopia.  Based on either of the eyes, 81 (6.5%, 95% CI: 5.2 to 
8.0) out of 1249 had hyperopia and 972 (77.8%, 95% CI: 75.4 to 80.1) had 
astigmatism. 
4.4.2 Presenting visual impairment and refractive error in 2005 / 2006 
The age, gender, ethnicity, father’s highest educational levels and medical 
conditions of children with BEVI present or absent were comparable (Table 4 - 8).  
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The mean (SD) total, physical and psychosocial health scores of all children were 83.6 
(11.8), 89.9 (11.8), 80.3 (13.7) respectively while 83.1 (13.0), 87.7 (12.9) and 80.7 
(14.7) were reported by their parent proxy.  The children with BEVI reported lower 
total (–2.2, 95% CI –5.0 to 0.6) and other summary scores (Table 4 - 9), but the 
differences were statistically insignificant even after adjusting for age, gender, 
ethnicity, father’s highest educational levels, medical conditions and use of corrective 
device of children.  When only the 895 healthy children without any medical problem 
were considered, the total (–3.8, 95% CI –7.1 to –0.5, p = 0.03), psychosocial (–4.2, 
95% CI –8.1 to –0.3, p = 0.03) and school functioning scores (–5.5, 95% CI –10.2 to –
0.9, p = 0.02) of the children with BEVI present were significantly lower.  
The parent proxy of children with BEVI present reported slightly lower mean 
(SD) total (82.4 (11.0) vs. 83.1 (13.1), p = 0.70), physical (85.9 (11.6) vs. 87.7 (13.0), 
p = 0.35) and psychosocial (80.5 (12.6) vs. 80.7 (14.9), p = 0.93) scores.  A lack of a 
statistically significant difference was observed between the parent proxy-reported 
mean scores of all scales even after adjustment (Table 4 - 10).  Similarly, no 
significant difference was observed in the parent proxy-reported scores for healthy 
children only.  The results were consistent when the English and Mandarin parent 
proxy-reports were analysed separately.   
Table 4 - 11 presents the age, gender, ethnicity, father’s highest educational 
levels and medical conditions of children with high-myopia, low-myopia and non-
myopia.  More children with low-myopia were Chinese, had father with higher 
education level but fewer had medical problem when compared to those without 
myopia.  As shown in Table 4 - 12, the mean (SD) total score reported by the children 
with high, low and non-myopia were 85.3 (12.1), 83.5 (11.8) and 83.4 (11.8).  The 
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differences reported by those who had high (1.9, 95% CI –0.6 to 4.4) and low-myopia 
(0.2, 95% CI –1.3 to 1.6) compared to non-myopia were not significant and the results 
remain unaltered after adjustment.  A lack of a statistically significant difference was 
also observed between the self-reported mean scores by healthy children (Table 4 - 
13). Table 4 - 14 gives the parent proxy-reported total and summary score amongst 
children with high, low and non-myopia.  The parent proxy of children with high-
myopia reported significant lower total (–4.4, 95% CI –8.4 to –0.4, p = 0.03), 
psychosocial (–5.5, 95% CI –10.0 to –1.0, p = 0.02), social (–7.1, 95% CI –12.0 to –
2.1, p < 0.01) scores than parent proxy of non-myopia after adjustment.  Table 4 - 15 
show that slightly greater differences in these scores and school functioning were 
observed when only healthy children were considered (total: –5.6, 95% CI –10.4 to –
0.9; psychosocial: –7.0, 95% CI –12.4 to –1.7; social: –7.2, 95% CI –13.1 to –1.3; 
school: –7.5, 95% CI –13.6 to –1.4).  Lower social score was also reported by parent 
proxy of children with high-myopia when compared to low myopia (All: –4.7, 95% 
CI –8.3 to –1.0; Healthy only: –4.5, 95% CI –8.6 to –0.5).  Parent proxy of children 
who had low-myopia only reported lower score than non-myopia in school 
functioning when only healthy children were analysed (–4.6, 95% CI –9.2 to –0.01). 
Table 4 - 16 shows that no significant difference was observed between 
children with hyperopia and non-hyperopia in total (0.8, 95% CI –1.8 to 3.5, p = 0.54) 
and other self-reported mean scores (physical p = 0.98; psychosocial p = 0.43).  
Children with astigmatism had self–reported (total p = 0.92; physical p = 0.42; 
psychosocial p = 0.81) scores that were comparable to their counterparts (Table 4 - 
17).  Except higher emotional scores reported by parent proxy of children with 
hyperopia after adjustment (5.6, 95% CI 0.6 to 10.6, p = 0.03), non significant 
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different results were found for other parent proxy-reported scores and when only 
healthy children were analysed (Table 4 - 18 and Table 4 - 19). 
4.4.3 Five refractive error groups 
Of the 1,775 children classified into one of the five refractive error groups, 
1,202 attended the eye examination during the 2005-2006 school visits.  The highest 
participation rate was observed in the children who had newly developed myopia 
(71%), following by children with emmetropising hyperopia (68%), persistent 
emmetropia (66%), persistent myopia (66%) and finally children who had persistent 
hyperopia (64%). The parent proxy of 909 (51%) children completed the HRQoL 
reports. 
Table 4 - 20 shows the characteristics of children by their refractive error 
groups.  Significantly more children with emmetropising hyperopia and newly 
developed myopia were younger; more children with emmetropising hyperopia, 
newly developed myopia and persistent myopia were female; few children with 
persistent hyperopia were Chinese but more Chinese for those with newly developed 
myopia and persistent myopia, than persistent emmetropia.  More children with newly 
developed myopia and persistent myopia had father with higher education level, fewer 
children with newly developed myopia and persistent myopia had medical problem, 
when compared to those with persistent emmetropia.  
The mean (SD) total, physical and psychosocial health scores reported by all 
children were 83.5 (11.8), 89.8 (11.8), 80.1 (13.7) respectively (Table 4 - 21).  
Compared to scores of children with persistent emmetropia, the children with 
persistent hyperopia (–1.2, 95% CI –5.7 to 3.3) and newly developed myopia (–0.2, 
95% CI –1.6 to 2.1) reported lower total score.  However higher total scores were 
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reported by those who had emmetropising hyperopia (0.6, 95% CI –2.2 to 3.4) and 
persistent myopia (0.3, 95% CI –1.6 to 2.1).  Lower physical summary scores were 
reported by other children (persistent hyperopia: –1.6, 95% CI –6.1 to 2.8, 
emmetropising hyperopia: –1.4, 95% CI –4.2 to 1.4, newly developed myopia: –1.6, 
95% CI –3.4 to 0.3, persistent myopia: –1.1, 95% CI –3.0 to 0.8) when compared with 
their peers who had persistent emmetropia.  The children with persistent hyperopia (–
1.0, 95% CI –6.2 to 4.2) reported lower psychosocial summary scores, but those with 
emmetropising hyperopia (1.7, 95% CI –1.6 to 4.9), newly developed myopia (0.5, 
95% CI –1.6 to 2.7) and persistent myopia (1.0, 95% CI –1.2 to 3.2) reported higher 
scores than those with persistent emmetropia.  However, these differences and 
differences in other scales were not statistically significant, even after adjusting for 
age in year 2006, gender, ethnicity, father’s highest educational levels, medical 
conditions and use of corrective device of children.  When only the 862 healthy 
children without any medical problem were considered (Table 4 - 22), those with 
persistent myopia reported significant lower social functioning score than those with 
persistent emmetropia (p=0.03).  However, the differences in scores of total, physical 
summary, psychosocial summary, emotional functioning, social functioning and 
school functioning between other groups remained insignificant.  
The mean (SD) total, physical and psychosocial health scores of all children 
reported by their parent proxy were 83.0 (13.0), 87.6 (12.9) and 80.6 (14.7) 
respectively (Table 4 - 23).  The parent proxy of children with persistent hyperopia (–
0.1, 95% CI –5.7 to 5.5) reported slightly higher total score, but the parent proxy of 
children with emmetropising hyperopia (1.3, 95% CI –2.4 to 4.9), newly developed 
myopia (1.4, 95% CI –1.1 to 3.8) and persistent myopia (1.2, 95% CI –1.3 to 3.7) 
reported lower scores than the parent proxy of those with persistent emmetropia.  The 
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physical summary scores reported by the parent proxy of those with persistent 
hyperopia (–2.2, 95% CI –7.7 to 3.4) and persistent myopia (–0.2, 95% CI –2.6 to 2.3) 
were lower, while the scores of emmetropising hyperopia (1.2, 95% CI –2.5 to 4.8) 
and newly developed myopia (0.4, 95% CI –2.0 to 2.8) were higher when compared 
to the parent proxy of children with persistent emmetropia.  All parent proxy of the 
children who had persistent hyperopia (1.0, 95% CI –5.3 to 7.3), emmetropising 
hyperopia (1.4, 95% CI –2.8 to 5.5), newly developed myopia (1.9, 95% CI –0.8 to 
4.7) and persistent myopia (1.9, 95% CI –0.9 to 4.7) reported higher psychosocial 
summary scores than the parent proxy of children with persistent emmetropia.  No 
statistically significant differences were observed between the parent proxy-reported 
mean scores of all scales even after adjustment.  Similarly, no statistically significant 
difference was observed in the parent proxy-reported scores for healthy children only 
(Table 4 - 24).  The results remained consistent when the English and Mandarin 
parent proxy-reports were analysed separately. 
4.4.4 Concordance and agreement 
All effect size concordance between child self-report and parent proxy-report 
were small, all ICC values < 0.016 (Table 4 - 25). 
Figure 4 - 38 provides a Bland-Altman plot showing a comparison of total 
scores reported by child and parent proxy.  The mean difference was 0.75 (95% CI: –
0.10 to 1.60).  The limits of agreement ranged from –25.3 to 26.8, corresponding to 2-
points on the Likert scales.  Twenty eight (3.1%) child-parent dyads lie above the 
upper limits (the child rated at least 1-point higher than their parent proxy) while 25 
(2.8%) child-parent dyads had child rated at least 1-point lower.  The majority (93%, 
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CHAPTER 5  DISCUSSION 
5.1 SUMMARY OF FINDINGS 
Our cohort study in Asian children showed a U-shaped growth curve for LT 
and inverted U-shaped growth curve for ACD.  Our findings of early lens thinning 
followed by thickening suggested a two-phase growth in the lens.  Our findings 
showed that the AL and VCD elongated with time with younger children showing a 
more rapid elongation which slowed with age.  Faster elongations of AL and VCD 
over time were observed in children with myopia when compared to those with 
persistent emmetropia.   
The eyes were found to have more negative refractive error, to grow longer 
axially, and had deeper vitreous and anterior chamber appeared at 2 to 3 years before 
the myopia onset in Asian children.  Our findings showed that the differences in CR 
and LT were minimal between children with newly developed myopia and matched-
emmetropia during the years before and after the onset of myopia.  Hence, the SE and 
major ocular components including AL, VCD and ACD could potentially be used to 
predict the development of high myopia in children. 
Our findings also indicated that the HRQoL of Asian children and adolescents 
was not compromised by refractive errors.  The HRQoL of those who had myopia, 
hyperopia, astigmatism and presenting visual impairment was not significantly lower.  
Similar results were found for the HRQoL reported by their parent proxy.  Notably, 
our findings suggested that healthy adolescents with presenting BEVI reported lower 
total, psychosocial, and school scores.  The concordance in QoL measures between 




5.2 OCULAR COMPONENTS GROWTH CURVE 
This study explored ocular growth curves of a large cohort of Singaporean 
children who were 6 to 10 years of age at baseline.  We found that elongations of AL 
and VCD were fastest at younger ages and decreased with age in the five different 
refractive error groups.  The growth of AL and VCD in children with hyperopia and 
persistent emmetropia were similar, but children with newly developed and persistent 
myopia had faster elongation rates than those with persistent emmetropia, especially 
amongst younger children who were less than 10 years of age.  We also found that for 
children who were emmetropic and myopic, ACD deepened more rapidly at younger 
ages but became shallower when the children grew older.  In addition, the lenses of all 
children, except those with persistent hyperopia showed decreasing thickness until 
approximately 9 or 10 years of age, with an increase at older ages.  Finally, we 
observed no differences in growth patterns for CR between children with persistent 
emmetropia and other refractive error groups. 
Our findings suggest that the period of rapid growth in AL and VCD was 
followed by a period of slow growth after 10 years of age reflecting the slower rates 
of myopia progression in these children.  In contrast, the OLSM study in children with 
SE of at least –0.75 D aged between 6 and 14 years reported a slower decay in the rate 
of growth.  We noted that the growth curves for children with myopia in OLSM 
combined both prevalent and newly developed myopia while these two groups were 
analysed separately in our study.  In SCORM, the changes in SE mirrored the changes 
in AL and VCD with faster rates of change in younger children and slower rates in 
older children.  However, the increase in height in the Singaporean cohort remained 
constant with age.  Although the studies in Australian children and Croatian children 
who were emmetropic suggested that height is strongly associated with AL, the 
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change in height and AL over time was not examined due to the cross-sectional nature 
of the study design.(Ojaimi, Morgan, Robaei, et al., 2005; Selovic, Juresa, Ivankovic, 
et al., 2005)  The AL and VCD of children with persistent emmetropia and hyperopia 
were elongated at a similar rate although the rates were slower when compared to 
those with myopia.(Curtin, 1985; C. S. Lam, Edwards, Millodot & Goh, 1999; Mutti, 
Sholtz, Friedman & Zadnik, 2000; Schmid, Li, Edwards & Lew, 2003; Strang, 
Schmid & Carney, 1998)  Comparisons with the OLSM study revealed that growth 
patterns of AL and VCD in those with persistent emmetropia and hyperopia were 
faster in younger children and decreased with age in a similar fashion to our SCORM 
study.(Jones, Mitchell, Mutti, et al., 2005) 
Our results showed a deepening in ACD in children with myopia at younger 
ages, but the ACD became shallower as the child reached 10 years of age.  This 
growth was showed as an inverted U-shape curve.  The OLSM study, however, found 
a continual deepening in ACD of children who were myopic and this deepening 
slowed with age.  The initial deepening in ACD in young children may be a 
consequence of lens thinning.  The decrease in ACD with age in older children was 
only seen in the SCORM study and may reflect simultaneous thickening of the lens in 
children of the same age.  Children with myopia have deeper ACDs than children who 
were emmetropic and this finding is consistent with the results of previous 
studies.(Hosaka, 1988; McBrien & Millodot, 1987)  In addition, the faster growth of 
ACD in younger children with myopia compared to those with persistent emmetropia 
was also reported in the OLSM study.(Jones, Mitchell, Mutti, et al., 2005)  The 
COMET study had documented that the ACD of children with myopia aged 6 to 11 
years old deepened over a 2-year period with a mean change of 0.035 mm per 
year.(Gwiazda, Hyman, Hussein, et al., 2003)  However, only children with myopia 
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were included in the COMET study.  We found that ACD was constant for children 
with emmetropising hyperopia, but the growth in LT followed a U-shape curve.  We 
note that the flat ACD curve may be limited by the small sample size (n = 141) of this 
group. 
The growth patterns of LT in children with myopia were described by a 
fractional polynomial function with the convex portion of the curves pointing in the 
opposite direction.  This pattern contrasts with the growth patterns observed for ACD.  
The decrease in LT until 10 years of age paralleled increases in ACD, suggesting the 
possibility that the increase in ACD may be attributed to the thinning of lens at the 
front surface or the rapid growth of AL and VCD at younger ages.  Once the growth 
of AL and VCD was reduced after 10 years of age, the ACD became shallower and 
the LT became thicker.  Our results pertaining to lens thinning in children who were 
myopic agree well with the findings of OLSM and COMET.(Jones, Mitchell, Mutti, et 
al., 2005; Norton, Hyman, Dong, et al., 2008)  If lens thinning is due to equatorial 
stretch which is just a product of expansion, evidently the curves of AL, VCD, ACD 
and LT should have a more similar shape.  Nevertheless the curves are not similar, 
axial growth and myopia progression plateaus and tapers off with age, while LT and 
ACD have U-shapes.  Therefore, the U-shaped curve for LT may be indicative of 
some early stretching and a thinner lens during the phase of more rapid ocular 
elongation in younger children.  This stretching was reduced when the child grew 
older, even though the eye was still elongating (as shown by the slower growth in AL 
after 10 years of age).  The absence of stretch allowed for the lens growth that was 
always occurring to become evident as the thickening increased.  These two phases of 
growth was suggested by van Alphen and discussed by Mutti el al.(Mutti, Hayes, 
Mitchell, et al., 2007; van Alphen, 1986)  The two phases growth noted in our study 
78 
 
were not so much rapid in LT than slower myopia progression, but it indicated 
differences in degree and timing of how stretch is communicated to the crystalline 
lens in the growing eye of these children.  Our study also suggested that the trough in 
LT for children with myopia was at around age 10 years while the trough for those 
with persistent emmetropia was at 9 years of age.  The trough occurred later for 
children with myopia in parallel with the slowing of AL elongation in the later years. 
The increase of CR between 7 to 12 years of age was minimal in children who 
were myopic.  Similarly, the CR of children with hyperopia and persistent 
emmetropia remained unchanged.  Our results are in good agreement with previous 
findings that CR is relatively stable as the cornea plays little or no role in the process 
of emmetropisation after infancy and early childhood.(Fledelius, 1982a, 1982b; Mutti, 
Mitchell, Jones, et al., 2005; Zadnik, Mutti, Friedman & Adams, 1993)  
Comparisons of the growth rates between children with persistent emmetropia 
and children with newly developed myopia showed that all growth patterns were 
significantly different except for the CR.  The difference in growth between children 
with persistent emmetropia and persistent myopia was only observed for AL and 
VCD.  These differences in AL and VCD were observed because myopic eyes had 
longer AL and deeper VCD. As demonstrated in animal models of myopia, CR 
remained constant over time, and there were no significant changes in the cornea 
between children with persistent emmetropia and persistent myopia.(Curtin, 1985) 
The growth curves of AL, VCD and CR were similar for children with 
hyperopia and persistent emmetropia, but the growth curves of ACD and LT were 
different.  The growth curve of ACD for both hyperopic groups remained constant 
with age, but children with persistent emmetropia had an inverted U-shape curve.  
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Children with persistent hyperopia had constant LT, but those with emmetropising 
hyperopia had a trough at the age of 9 years which was similar to the pattern observed 
in children who were emmetropic.  However, the differences in the growth patterns of 
these ocular components were not statistically significant compared to children with 
hyperopia and persistent emmetropia. 
In this study, we have proposed the use of FP models to establish the non-
linear growth pattern in SE of refractive error, height and ocular components.  The 
results showed that the FP models had equal or better fit than the conventional 
polynomial models.  Although the FP methods are not commonly used in modelling 
longitudinal data in myopia, it is relatively parsimonious and easy to handle in 
practice.  Dichotomising age as in piecewise models developed by OLSM was not 
considered here since it introduces several issues, such as the problem of defining 
cutpoint(s), overparametrisation and loss of efficiency.(Altman, Lausen, Sauerbrei & 
Schumacher, 1994; Cohen, 1983; Jones, Mitchell, Mutti, et al., 2005; Lagakos, 1988; 
Morgan & Elashoff, 1986)  The FP models, which utilise more information in the data, 
increase statistical power.  Furthermore, objectivity is greater in FP models because 
arbitrary or data-driven cutpoints are avoided; also, the technique fit growth models 
smoothly. 
This is the first Asian longitudinal study to compare the ocular component 
growth curves using fractional polynomial functions of yearly data between ages 6 to 
13 years old among children with persistent hyperopia, hyperopia who emmetropise, 
newly developed myopia, persistent myopia and persistent emmetropia. We have 
distinguished newly developed myopes from persistent myopes and this has allowed 
us to identify the different rates of growth in ACD and LT among these children, 
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especially those aged 10 years and older.  The data comes from a well-respected and 
well-defined population of Asian children at high risk for myopia who have been 
carefully characterised and followed.  Other strengths of the study include the 
relatively large sample size, the availability of biometry data over time with a high 
follow-up rate of 90% for children with at least 3 visits, homogeneity of the 
procedures of refraction and biometry in all three schools.  The use of cycloplegia is 
another strength of the study because autorefraction readings are more repeatable than 
without cycloplegia. (Zadnik, Mutti & Adams, 1992)  The three schools were not 
randomly selected, however, and that may limit the ability to generalise the findings 
to all school children in Singapore.  One potential limitation is the small number of 
Malay and Indian children that has precluded inter-ethnic comparisons.   
This analysis only followed up children from 6 to 13 years old; thus those who 
develop myopia after the age of 13 years old were not captured.  Therefore, any 
difference between childhood and late onset of myopia cannot be determined from 
this study.  Future studies could include a longer follow-up time from a young age to 
adulthood, thereby refining our understanding of growth in terms of biometric 
changes and refraction from childhood to adulthood.  Further research could also be 
conducted specifically to investigate ethnic variations of Malay and Indian children by 
increasing the number of these subgroups. 
This study has filled the gaps in our knowledge of ocular components growth 
for Asian children aged 6 to 13 years old, with different refractive errors.  It has also 
shown that not only hyperopic and myopic eyes grow, but so do emmetropic eyes.  
This study also expands on the current literature by including measures of CR for 
these children.  The results showed that the elongation of AL and VCD were faster 
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among younger children who were less than 10 years of age, especially in children 
with newly developed and persistent myopia.  These findings are important for 
planning of prevention and intervention for myopia.   
Given the similarities in ocular components of the emmetropic and myopic 
eyes at baseline, the time frame for prediction of myopia onset and intervention is 
relatively short.  More frequent paediatric eye examinations between the ages of 6 and 
10 years old may be necessary to screen children who are at high risk of developing 
myopia.  The treatment modality to prevent the development of myopia or to halt the 
progression should be targeted at these children who are at greater risk of developing 
high myopia.  This will reduce the risks of pathological ocular complications 
associated with high myopia in adulthood, such as retinal detachments, myopic and 
age-related macular degeneration. 
In summary, our cohort study shows a U-shaped growth curve for LT and 
inverted U-shaped growth curve for ACD in Asian children.  Our findings of early 
lens thinning followed by thickening, suggests a two-phase growth in the lens.  We 
also showed that AL and VCD elongated with time with younger children showing a 
more rapid elongation which slowed with increasing age.  Children with myopia 
exhibited faster elongation of AL and VCD over time compared to those with 
persistent emmetropia. 
5.3 REFRACTION AND OCULAR COMPONENTS BEFORE 
AND AFTER THE ONSET OF MYOPIA 
This study examined temporal ocular growth curves of a large cohort of 
Singaporean children who were 6 to 10 years of age at baseline and subsequently 
developed myopia.  Their growth and rate of changes before and after the onset of 
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myopia were compared to matched-emmetropia values.  We showed that the children 
with newly developed myopia had a more rapid shift of refraction towards myopia 2 
to 3 years before the onset of myopia when compared to matched-emmetropia.  These 
are clinically important results for personalised medicine as we could predict that 
children with SE between –0.4 to 0.4 D may have a high chance of developing 
myopia in the next few years.  Similarly, children who had newly developed myopia 
had more rapid elongation of AL and VCD 3 years before myopia onset.  In addition, 
we identified that the ACD of these children deepened at a faster rate than matched-
emmetropia 3 years before myopia onset.  Finally, we observed no differences in 
growth and rate of change curves for LT and CR between children with newly 
developed myopia and matched-emmetropia before and after the onset of myopia. 
Our study suggests that the children with newly developed myopia were less 
hyperopic than their matched-emmetropia 3 years before the onset.  This result agrees 
well with the finding of Ojai longitudinal study and the CLEERE study.(Hirsch, 1964; 
Mutti, Hayes, Mitchell, et al., 2007)  The Ojai longitudinal study of California school 
children aged 5 or 6 (n = 261 eyes) identified refractive error as a relevant predictor 
before the onset of myopia.  They reported that the children with less hyperopia have 
higher risk of developing myopia during their elementary schools years.  Our study 
found that the rate of change in SE was greater and more rapid from 3 years prior to 
the onset through 1 year after the onset for children who had developed myopia.  
Their myopia progression was most rapid at 1 year after the onset.  The CLEERE 




Our study also found that the mean SE of –0.5 D was only observed at 
approximate 0.5 years before the onset and this suggest that the window for predicting 
onset based on SE of –0.5 D is very limited.  If the child’s SE is about 0.42 D, the 
child may develop myopia in the next 3 years based on our results.  If the SE of child 
is between 0.2 D and 0.4 D, the child may develop myopia in the next 1 to 2 years.  
Hence, this information is useful to eye care professionals to provide preventive 
advice for children with SE between –0.4 D and 0.4 D.  For children with SE between 
–0.4D and 0.4 D with parental myopia, and other risk factors for myopia, 
interventions such as increased time outdoors may be implemented to prevent or slow 
the progression of myopia. 
Our study shows a rapid elongation of AL, greater increase in VCD and ACD 
from 3 years before myopia onset for children with newly developed myopia.  
Compared to the CLEERE study, we found that the AL was elongated in a similar 
fashion to our SCORM study.  Their largest magnitude of change was observed 
between 1 year before onset and the year of onset, but the largest change observed in 
our children was during the year of onset.  On the contrary, a longitudinal study 
conducted in China reported that the myopic and non-myopic eyes did not differ 
statistically in AL, VCD and ACD before the onset of myopia.(Mei & Rong, 1994)  
This study followed up 194 initially emmetropic eyes (SE between –0.25 D to +0.75 
D) of 178 schoolchildren aged 9 to 12 years for a period of 1 to 2 years.  Similar 
insignificant differences in these ocular components 1 year before the onset were also 
reported in a 3-year longitudinal study of 29 children who became myopic and 56 
children who remained emmetropic in United States.(Goss & Jackson, 1995)  These 




The growth and rate of change for LT and CR between 4 years before onset 
and 4 years after onset were minimal and no significant differences was observed in 
children who had newly developed myopia and those who had emmetropia.  Our 
finding for LT is in agreement with the previous longitudinal studies which reported 
insignificant difference in the LT before onset of myopia.(Goss & Jackson, 1995; Mei 
& Rong, 1994)  Our results for CR are also consistent with previous findings that CR 
is relatively stable since it’s development is virtually complete by the age of 2 to 3 
years.(Weale, 1982)  
 Our study is the first Asian longitudinal study to compare the refractive error 
and ocular components before and after the onset of myopia using fractional 
polynomial functions of yearly data between ages 6 to 13 years old among children 
with newly developed myopia and persistent emmetropia.  Our study has a relatively 
large sample size with longitudinal biometry data and high follow-rate of 90% for 
children with at least 3 visits.  One of the strengths of this study is the addition of 
VCD, ACD, LT and CR to the CLEERE study.(Mutti, Hayes, Mitchell, et al., 2007)  
One limitation of our study is that we did not follow up a sufficient number of 
children with long follow-up time for us to study any long-term ocular biometric 
changes.  Prospective studies could include a longer and standardised follow-up time 
from a younger age to adulthood to establish the overall pattern of eye growth before 
and after the myopia onset.  The lack of lens power data is another study limitation. 
Including such data will provide more insight on ocular biometric changes.  Research 
studies with a larger number of Malay and Indian children to determine if there is any 
ethnic variation in the ocular growth patterns before and after the onset of myopia 
could be considered.   
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The changes in refraction and other ocular components such as AL and VCD 
prior to myopia onset are important to predict which child may develop myopia in the 
subsequent years.  The interventions could also be personalised for individuals based 
on these changes.  Our findings showed that the children with SE between –0.4 to 0.4 
D may have a higher risk of developing myopia in the next 3 years.  When the SE of 
the child falls within these ranges, education, interventions and risk factors 
modification could be initiated to prevent the development of myopia.  As compared 
to Caucasian children, Asian children have earlier onset and higher rates of 
progression of myopia. However, our findings were generally similar to Western 
populations, and therefore further studies need to be carried out to determine other 
factors influencing prevalence rate. 
In conclusion, our cohort study in Asian children showed that 3 years prior to 
myopia onset, these eyes had more myopic refraction, and tended to have more rapid 
growth in AL and more rapid increase in VCD and ACD.  Our studies also suggest 
that SE and major ocular components including AL, VCD and ACD could potentially 
be used to predict the development of high myopia in children. 
5.4 HEALTH-RELATED QUALITY OF LIFE 
This study is unique in that it evaluates the impact of presenting visual 
impairment and refractive errors in an Asian population of adolescent school pupils. 
Adolescents with myopia did not report a significantly different quality of life 
for both classifications of five refractive error groups or three groups in 2005 / 2006, 
except healthy adolescents with persistent myopia reported lower social functioning 
score than those with persistent emmetropia.  Although myopic adolescents might 
have visual function impairments, practical difficulties associated with the wearing 
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and maintenance of optical corrective devices, restrictions on sport and profession 
opportunities, our study suggests that the perceived general HRQoL of them was not 
diminished compared to their non-myopic peers.  The self-reported total and summary 
scores of children with myopia were similar to the school healthy samples in the USA 
(total 81.1, physical 85.6, psychosocial 78.7).(Varni, Burwinkle & Seid, 2006)  These 
similarities could be attributed to the lower degree of disability of myopia because 
myopia is not associated with the considerable morbidity or mortality associated with 
adolescents with some cancer, cardiac, orthopaedic, rheumatic or diabetic 
conditions.(Varni, Burwinkle, Katz, et al., 2002; Varni, Seid & Kurtin, 2001)  Much 
lower HRQoL scores were reported by the children with cancer (total 72.2, physical 
71.8 and psychosocial 72.6) and chronically ill children (total 77.2, physical 77.4 and 
psychosocial 77.1). 
Overall we found similar QoL scores for adolescents with and without 
refractive errors.  Unlike cataract and glaucoma which usually require surgical 
intervention, refractive errors are corrected using spectacles or contact lenses.  Thus, 
most people with refractive error have good vision and show no reduction in their 
QoL.  Although an adult study suggested that high-myopic patients had poorer vision-
related QoL compared to moderate and mild-myopic patients, this result was not 
observed in our study.(K. Rose, Harper, Tromans, et al., 2000)  A possible 
explanation is that most complications associated with high myopia such as myopic 
macular degeneration, macular holes, retinal breaks and tears occur during the later 
years of life.  In our study, there was a low prevalence of complications secondary to 
high myopia.  
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The prevalence of presenting visual impairment of > 0.3 LogMAR in the 
better-seeing eye amongst 1,249 adolescents with a mean age of 13.8 years was 5.7%.  
Adolescents with impairment reported lower total, psychosocial, and school scores, as 
measured by the PedsQL v4.  Thus, presenting BEVI was significantly associated 
with a decrement in their overall well-being although these differences are below the 
minimal clinically meaningful differences (Total: 4.36, Psychosocial: 5.30, School: 
9.12) suggested by Varni et al.(Varni, Burwinkle, Seid & Skarr, 2003)  The most 
common cause of low presenting visual impairment in our study, and in others, is 
under-corrected refractive errors but we found no association between refractive 
errors per se and QoL. 
Nevertheless, presenting visual impairment may affect school learning, 
outdoor activity, and social life.  This may compromise an adolescent’s school 
achievement and thus a lower school functioning score is reported.  Our study also 
showed a deleterious effect on psychosocial functioning of adolescents with visual 
impairment. However, much lower PedsQL scores have been reported by children 
with cancer (total 72.2, physical 71.8, and psychosocial 72.6) and chronically ill 
children (total 77.2, physical 77.4, psychosocial 77.1).(Varni, Burwinkle, Katz, et al., 
2002; Varni, Seid & Kurtin, 2001)  
The concordance in QoL measures between adolescents with BEVI or 
refractive errors and their parent-proxy were small.  The result of Bland-Altman plot 
also showed that there was considerable difference between scores reported by child 
and their parent-proxy, that is, difference ranges within 2-points on the Likert-scale.  
The lack of correlation between the parent-proxy and child’s report may be due to 
differences in perception of the teenager’s HRQoL.  Our study also suggested that 
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parents are able to rate more accurate the child’s HRQoL in relation to domains of 
physical functioning compared with less visible domains such as social or emotional 
functioning.  These findings agree well with evidence from previous studies 
(Achenbach, McConaughy & Howell, 1987; Varni, Seid & Rode, 1999).  Hence, 
parent-proxy report should be included to complement child-self report in paediatric 
populations with better eye presenting visual impairment or refractive errors.  
Unlike the various instruments for the measurement of vision-related QoL in 
adults such as Vision-Related QoL Core Measure and NEI-VFQ-25, PedsQL v4 is a 
generic instrument, and thus may not be sensitive enough to detect subtle effects due 
to ocular conditions. Nevertheless, this well validated (Cronbach’s alphas reported 
were all > 0.70)) and widely used instrument has been used for comparisons of QoL 
in the paediatric population across a variety of medical conditions such as asthma, 
cancer, diabetes, epilepsy, inflammatory bowel disease, headaches, obesity, paediatric 
rheumatology, cardiology, orthopaedic and psychiatric condition, and thus was felt to 
be appropriate for the purpose of this study. (Bastiaansen, Koot, Bongers, et al., 2004; 
Felder-Puig, Frey, Proksch, et al., 2004; Powers, Patton, Hommel & Hershey, 2003; 
Upton, Eiser, Cheung, et al., 2005; Varni, Burwinkle, Katz, et al., 2002; Varni, Seid & 
Kurtin, 2001)  Furthermore, with its parallel parent-proxy report, we were allowed to 
investigate the relationship between child and parent-proxy ratings of their QoL. 
Although the multiplicity of potential endpoints arises with PedsQL v4, as 
with other QoL instruments, we have focused on the total score as the principal 
endpoint and regarded the other scores as secondary to this.  In addition, multiple 
statistical testing can create problems in the interpretation of the results and may 
inflate the number of statistically significant differences found.  In our case, there was 
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a paucity of statistically significant differences (using the conventional p < 0.05) so 
this is likely to have little impact on the conclusions we draw.  
The results of this study must be considered in light of the following 
limitations.  The cross-sectional nature of the study limits the inferences relating to 
possible causal relationships.  There is a possibility of reporting bias in self-reported 
medical conditions of the child because the condition was not assessed by health care 
professionals or substantiated by medical record reviews.  Another limitation of our 
study is that the best corrected visual acuity was not assessed, and thus visual 
impairment due to uncorrected refractive error (differences of habitual and best-
corrected visual acuity) cannot be determined.  Other causes of visual impairment 
such as congenital glaucoma and cataract were also not assessed; however, these 
conditions are likely to be rare.  Our study was also limited by the differences found 
in child’s age, gender and ethnicity between the respondents and non-respondent of 
the parent-proxy report.  The samples were school-based rather than population-based.  
As such, the generalisation of the findings to general paediatric population may be 
limited. 
This study is the first Asian study to investigate the impact of presenting 
better-seeing eye visual impairment and refractive errors on HRQoL using the 
PedQoL v4 instrument in the paediatric population, and to evaluate the concordance 
between child self-report and parent proxy-report of QoL with a well validated 
measure.  Other strengths of the study include the use of a standardised method 
(including cycloplegic refraction) in all three schools, a high participation rate of 80% 
for the child self-report, 61% for the parent-proxy report.  The use of PedQoL, which 
is a generic form for measurement of HRQoL, allows for direct comparisons between 
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children with visual impairment or refractive errors, and those with other childhood 
diseases or a healthy population.  Research is required to replicate and refine this 
study to elaborate the needs of children with visual impairments.  Longitudinal studies 
of HRQoL will be of interest to assist in evaluating the magnitude of change in 
HRQoL over time, with changes in the children’s vision and refractive status during 
key developmental transition periods such as development of myopia.   
In summary, we show in this population of healthy adolescents that BEVI was 
statistically though not clinically associated with impaired total, psychosocial and 
school functioning QoL scores.  Thus, there is a need to understand and address visual 
impairment at a young age.  However, similar HRQoL scores were reported by 
adolescents with and without refractive errors. 
5.5 SIGNIFICANCE OF FINDINGS 
To our knowledge, this is the first study to describe and compare growth 
curves of refractive error and ocular components for children with different refractive 
errors, to examine the growth of refraction and ocular components prior to and after 
the onset of myopia, and to determine the impact of refractive errors and visual 
impairment on the HRQoL among school children in Asia. 
These studies contribute information on growth of refractive error and ocular 
components, as well as quality of life and myopia among Asian children.  Our results 
have potential significance for school-based refractive error prevention program 
planners such as Ministries of Health and Education because of the very large number 
of children with myopia in Singapore.  Our findings may help myopia researchers and 
eye-care practitioners to identify children at high risk in developing myopia and 
recommend treatments that may slow the onset and the progression of myopia for 
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these children during the appropriate time frame.  However, this research also 
highlights the need for continued research to enhance understanding of human visual 
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Table 1 - 1 Prevalence rate of childhood myopia obtained by 16 studies in 12 
countries 
      










      
      
Australia 
(Ip, Huynh, Robaei, 
et al., 2008) 
Population 2,340 11 to 14 –0.50 11.9 
      
Australia 
(Ojaimi, Rose, 
Morgan, et al., 
2005) 
School 1,724 5 to 8 –0.50 1.4 
      
Chile 
(Maul, Barroso, 
Munoz, et al., 2000) 
RESC 1 5,296 5 to 15 –0.50 7.3 
      
China 
(Zhao, Pan, Sui, et 
al., 2000) 
RESC1 5,882 5 to 15 –0.50 21.6 
      
China 
(He, Zeng, Liu, et 
al., 2004) 
RESC 1 4,364 5 to 15 –0.50 38.1 
      
Hong Kong 










> 11 53.1 
      
India 
(Dandona, Dandona, 
Srinivas, et al., 
2002) 
RESC 1 4,074 5 to 15 –0.50 4.1 
      
India 
(Murthy, Gupta, 
Ellwein, et al., 2002) 
RESC 1 6,447 5 to 15 –0.50 7.4 
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Table 1 - 1 Prevalence rate of childhood myopia obtained by 16 studies in 12 
countries 
(continued) 
      










      





School 1,771 12 to 17 –0.50 17.6 
      
Malaysia 
(Goh, Abqariyah, 
Pokharel & Ellwein, 
2005) 
RESC 1 5,528 5 to 15 –0.50 20.7 
      
Nepal 
(Pokharel, Negrel, 
Munoz & Ellwein, 
2000) 
RESC 1 4,977 5 to 15 –0.50 1.2 
      
Singapore 
(Saw, Carkeet, Chia, 











Mashige, et al., 2003) 
RESC 1 4,890 5 to 15 –0.50 4.0 
      
Taiwan 








16 to 18 84.0 
      
USA 
(Kleinstein, Jones, 
Hullett, et al., 2003) 
Community 2,523 5 to 17 –0.75 9.2 
      
USA 
(Zadnik, Manny, Yu, 
et al., 2003) 
Community 2,583 6 to 14 
–0.50 11.6 
–0.75 10.1 
      
                                               
1
 Refractive Error Study in Children (RESC) surveys 
3 
 






















       
       
Hong Kong 
(Edwards, Li, 
Lam, et al., 
2002) 
133 7 to 10.5 −1.25 2 −1.26 0.74 




Chan, et al., 
2006) 
190 6 to 12 −1.0 2 −1.20 0.69 




Hussein, et al., 
2003) 





























       
       
Hong Kong 
(Edwards, Li, 
Lam, et al., 
2002) 
133 7 to 10.5 
−1.25 2 0.63 0.28 
       
Hong Kong 




73 6 to 17 
−0.5 2 0.62 0.43 
       
Singapore 
(Saw, Chua, 
Gazzard, et al., 
2005) 
543 7 to 9 
−0.5 3 0.89 0.54 




Chan, et al., 
2006) 
190 6 to 12 
−1.0 2 0.38 0.38 




Hussein, et al., 
2003) 
234 6 to 11 
−1.25 3 0.75 0.02 
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USA 
(Zadnik, Mutti, 
Mitchell, et al., 
2004) 
194 6 to 14 
    
 
Age (y) 6 7 8 9 10 11 12 13 14 
AL (mm) 22.6 22.8 22.8 23.0 23.1 23.2 23.2 23.3 23.3 
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Hong Kong 




73 6 to 17 −0.5 2 0.57 0.38 
       
Singapore 
(Saw, Chua, 
Gazzard, et al., 
2005) 
543 7 to 9 −0.5 3 0.92 0.44 




Hussein, et al., 
2003) 
234 6 to 11 −1.25 3 0.65 0.34 
       
       
(b) Emmetropia 
       
       
USA 
(Zadnik, Mutti, 
Mitchell, et al., 
2004) 
194 6 to 14 
    
       
       
Age (y) 6 7 8 9 10 11 12 13 14 
AL (mm) 15.4 15.6 15.7 15.8 25.9 16.1 16.1 16.1 16.0 
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Singapore 
(Saw, et al., 2005) 543 7 to 9 −0.5 3 –0.02 0.27 
       
USA 
(Gwiazda, Hyman, 
Hussein, et al., 
2003) 
234 6 to 11 −1.25 3 0.07 0.09 
       
       
(b) Emmetropia 
       
       
USA 
(Zadnik, Mutti, 
Mitchell, et al., 
2004) 
194 6 to 14 
    
       
       
Age (y) 6 7 8 9 10 11 12 13 14 
AL (mm) 3.6 3.7 3.7 3.7 3.8 3.8 3.8 3.8 3.8 
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Singapore 
(Saw, Chua, 
Gazzard, et al., 
2005) 
543 7 to 9 −0.5 3 –0.01 0.18 
       
USA 
(Gwiazda, Hyman, 
Hussein, et al., 
2003) 
234 6 to 11 −1.25 3 –0.01 0.08 
       
       
(b) Emmetropia 
       
       
USA 
(Zadnik, Mutti, 
Mitchell, et al., 
2004) 
194 6 to 14 
    
       
       
Age (y) 6 7 8 9 10 11 12 13 14 
AL (mm) 3.5 3.5 3.5 3.4 3.4 3.4 3.4 3.4 3.5 


























       
       
Singapore 
(Saw, Chua, 
Gazzard, et al., 
2005) 
543 7 to 9 −0.5 3 0.01 0.05 
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Table 1 - 8 Studies of medical implications of myopia (a) Visual impairment, (b) 
Cataract and (c) Glaucoma 
     
Country Design Sample 
size 
Age (y) Results 
     
     
(a) Visual impairment 
     
     
The Netherlands 
(Klaver, Wolfs, 





6,775 55 or 
older 
23% due to myopic 
degeneration in subjects 
younger than 75 years old 
     
Taiwan 
(Liu, Cheng, Chen 




2,034 50 or 
older 
25% due to high myopic 
macular degeneration 
     
Denmark 
(Buch, Vinding, 




9,980 20 to 84 26% due to myopia-related 
retinal disorders in subjects 
aged 20 to 64 years 
     
     
(b) Cataract 
     
     
USA 
(Wong, Klein, 
Klein, et al., 2001) 
Population 
(cohort – 5 
year FU) 
4,470 43 to 84 Adjusted OR of  prevalent 
nuclear cataract: 1.7 (95% 
CI: 1.3 to 2.4) for myopia 
     
Australia 
(Younan, Mitchell, 
Cumming, et al., 
2002) 
Population 
(cohort – 5 
year FU) 
2,334 49 or 
older 
- Adjusted OR of incident 
posterior subcapsular 
cataract: 4.4 (95% CI: 1.7 to 
11.5) for moderate to high 
myopia 
- Adjusted OR of incident 
nuclear cataract: 3.3 (95% 
CI: 1.5 to 7.4) for high 
myopia 
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Table 1 - 8 Studies of medical implications of myopia (a) Visual impairment, (b) 
Cataract and (c) Glaucoma (continued) 
     
Country Design Sample 
size 
Age (y) Results 
     
     
(c) Glaucoma 
 









3,654 49 to 97 - Adjusted OR of prevalent 
glaucoma: 1.3 (95% CI: 1.4 
to 4.1) for low myopia 
- Adjusted OR of prevalent 
glaucoma: 3.3 (95% CI: 1.7 
to 6.4) for moderate-high 
myopia 
     
USA 
(Wong, Klein, 




4,926 43 to 86 Adjusted OR of prevalent 
glaucoma: 1.6 (95% CI: 1.1 
to 2.3) for myopia 
     
Sweden 





32,918 57 to 79 Prevalence of newly detected 
glaucoma increased with 
increasing myopia (p < 
0.001) 
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Table 1 - 9  Characteristics of generic instruments of HRQoL for children and 
adolescents 
    





    
    
CHQ, USA 
(Landgraf, Abetz & Ware, 1996) 
Self (CF87) 10-18 14 (87) 
Parent (PF28) 5-18 14 (28) 
Parent (PF50) 14 (50) 
Parent (PF98) 14 (98) 
    
CQOL, UK 
(Graham P., Stevenson J.R. & D., 
1997) 
Self 9-15 15 (15) 
Parent 
    
HAY, The Netherlands 
(le Coq, Boeke, Bezemer, et al., 
2000; le Coq, Colland, Boeke, et 
al., 2000) 
Self 7-13 5 (80) 
Parent 
    
KINDL, Germany 
(Ravens-Sieberer & Bullinger, 
1998) 
Self (Kiddy) 4-7 6 (24) 
Self (Kid) 8-11 






(Varni, Seid & Rode, 1999) 
Self 




    
TACQOL, The Netherlands 
(Verrips, Vogels, Verloove-
Vanhorick, et al., 1997; Vogels, 
Verrips, Verloove-Vanhorick, et 
al., 1998) 
Self 8-11 7 (180) 
Parent  
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Table 1 - 10  Scales, reliability and validity for generic instruments of HRQoL 
    
Instrument Scales Reliability Validity 
    
    
CHQ • Physical functioning 
• Role/Social functioning 
(Physical) 
• General health perceptions 
• Bodily pain/discomfort 
• Parental impact (Time)  
• Parental impact (Emotional) 
• Role/Social functioning 
(Emotional) 
• Role/Social functioning 
(Behavioural) 
• Self-esteem, Mental health 
• General behaviour 
• Family functioning (Family 
activities – family cohesion) 
• Global item 












    
CQOL • Getting about and using hands 
• School 
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Table 1 - 10  Scales, reliability and validity for generic instruments of HRQoL 
(continued) 
    
Instrument Scales Reliability Validity 
    
    
HAY • Physical functioning 
• Cognitive functioning 
• Social functioning 





alpha: Child 0.77 
to 0.86; Parent 
0.86 to 0.93) 
Construct 
 
    
KINDL • Psychological well-being 
• Social relationships 
• Physical functioning 





subscale > 0.75; 







    
PedsQL-GC • Physical functioning 
• Emotional functioning 
• Social functioning 










    
TACQOL  Internal 
consistency 
(Cronbach’s 
alpha: Self 0.59 
to 0.86; Parent 
0.71 to 0.89) 
Construct 
 Clinical 
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Table 2 - 1 Demographic and baseline characteristics of children by region of 
recruitment  
     
At baseline, n (%) Eastern 
(n = 313) 
Northern 
(n = 705) 
Western 
(n = 961) 
All 
(n = 1,979) 
     
     
Age at first visit (year) 
   6 
   7 
   8 
   9 




























   Male 















   Chinese 
   Malay 
   Indian 





















     
Father’s highest education level 
   No formal education 
   Primary 
   Secondary 
   Pre-U/Diploma 
   Tertiary/University 


























Mother’s highest education level 
   No formal education 
   Primary 
   Secondary 
   Pre-U/Diploma 
   Tertiary/University 
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Table 2 - 1 Demographic and baseline characteristics of children by region of 
recruitment (continued) 
     
At baseline, n (%) Eastern 
(n = 313) 
Northern 
(n = 705) 
Western 
(n = 961) 
All 
(n = 1,979) 
     
     
Total combined monthly income 
   $2,000 or less 
   $2,001 to $5,000 
   $5,001 or more 





















Type of housing 
   1 to 3 rooms HDB flats 
   4 to 5 rooms HDB flats 
   Private housing 
   Others 
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Eastern  Northern  Western 
P 1 P 2  P 1 P 2 P 3  P 1 P 2 P 3 
  
 
   
 
   
   
 
   
 
   
1999 154 159  375 177 153     
2000 142 149  355 162 140     
2001 137 138  342 157 133  322 307 332 
2002 121 134  311 157 119  306 295 320 
2003 104 90  290 146   297 278 306 
2004 96 732  283 1412 1142  274 245 283 
2005        268 248 1042 
2006 632 562  2372 1202 902  256 1992 1252 
   
 
   
 
   
                                               
1
 P1 = Primary 1, P2 = Primary 2, P3 = Primary 3; The differences in number of children between the 
initial and subsequent visits were due to children who missed the eye examinations / drop-out from the 
study 
2
 Eye examinations conducted after the children completed their elementary education 
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Items Comments from children 
  
  
Physical functioning •  “It is hard for me…” was ambiguous and suggested 




1. It is hard for me to walk 
more than one block 
• Unsure about the actual distance between 2 blocks 
•  “Block” is used in USA but not commonly used in 
Singapore to indicate distance.  Suggested including 
the actual distance in metres or kilometres 
  
7. I hurt or ache • Suggested rephrasing to “My body hurts or aches” 
  
8. I have low energy •  “low energy” was interpreted as “hungry” 
• Suggested rephrasing to “I feel lethargic” 
  
  
Emotional functioning • Unsure about the emotional problems are referring to 




12. I have trouble sleeping • Unsure if it is referring to insomnia or “worrying 
about something” 
  
13. I worry about what will 
happen to me • Unsure if it is referring to “un-based fear” 
  
  
Social functioning  
16. Other teens tease me • Unclear about  meaning of “tease”  
  
17. I cannot do things that 
other teens my age can do 
• Unclear about the question and suggested rephrasing 
it 
  
18. It is hard to keep up 
with my peers 
• Unsure if it is referring to homework or CCA or 





Table 2 - 3 List of comments from children given at the pilot testing of PedsQL v4 
child self-report (continued) 
 
 
Items Comments from children 
  
  
School functioning  
22. I miss school because of 
not feeling well • Ungrammatical and suggested rephrase it 
  
23. I miss school to go to 




Table 2 - 4 List of comments from parent proxy given at the pilot testing of 
PedsQL v4 parent proxy-report 
 
 
Items Comments from parent proxy 
  
  
Physical functioning • “It is hard for me…’ was ambiguous because at 
time, some children  don’t like to walk, run and etc  
 • Misinterpreted the questions as “the teen is able 
to …” and suggested rephrasing it 
 
 
1.   Walking more than one 
block 
• “one block” was assumed as “one HDB block” in 
Singapore 
• Suggested  including the distance of “more than 
one block” in meters 
  
6.   Doing chores around the 
house 
• Suggested rephrasing “chores” as some children 
might not understand this word 
  
7.   Having hurts or aches • Suggested rephrasing to “My body hurts or aches” 
  
  






Table 2 - 5  Definition of refractive error group 
  
Refractive error group Criteria 
  
  
Persistent hyperopia A child has persistent hyperopia if the SE was more than 




A child who began with hyperopia (SE more than +1.0 D) 
on at least the first visit but had SE between –0.5 D 
(exclusive) and +1.0 D (inclusive) at subsequent visits was 




A child who began with emmetropia (SE being between –
0.5 D (exclusive) and +1.0 D (inclusive)) on at least the 
first visit and demonstrate at least –0.5 D (inclusive) at one 
or more subsequent visits was defined as child with newly 
developed myopia 
 
Persistent myopia A child has persistent myopia if the SE was more myopic 
than –0.5 D (inclusive) at all visits 
 
Persistent emmetropia A child has persistent emmetropia if the SE was between –









6 7 8 9 10 11 12 
       
        
All children        
n 256 945 1459 1663 1594 1542 908 
Mean 22.88 23.21 23.52 23.77 23.99 24.17 24.19 
SD 0.86 0.89 0.96 1.04 1.09 1.14 1.14 
Median 22.85 23.13 23.44 23.68 23.93 24.1 24.09 
Min 20.87 20.23 20.75 20.59 21.03 21.15 21.39 
Max 25.78 27.22 27.92 27.85 28.21 28.21 28.05 
        
Persistent hyperopia 
n 8 27 38 43 40 39 28 
Mean 21.53 22.32 22.46 22.44 22.56 22.68 22.84 
SD 0.7 0.93 0.69 0.68 0.77 0.66 0.61 
Median 21.2 22.55 22.37 22.34 22.59 22.6 22.87 
Min 20.87 20.23 21.2 21.14 21.03 21.15 21.7 
Max 22.51 23.81 24.13 23.82 23.97 23.92 24.3 
        
Emmetropising hyperopia 
n 30 88 127 129 129 121 69 
Mean 22.37 22.5 22.72 22.78 22.93 23.05 23.12 
SD 0.64 0.67 0.67 0.73 0.72 0.72 0.76 
Median 22.35 22.47 22.72 22.87 22.93 23.13 23.14 
Min 21.35 20.46 20.75 20.59 21.12 21.15 21.48 
Max 23.64 24.07 24.36 24.4 24.77 24.86 24.86 
        
Newly developed myopia 
n 126 391 514 565 542 519 300 
Mean 22.82 23.11 23.37 23.64 23.92 24.11 24.17 
SD 0.7 0.68 0.76 0.76 0.77 0.82 0.84 
Median 22.79 23.05 23.36 23.63 23.9 24.1 24.16 
Min 21.15 21.29 21.11 21.31 21.69 21.71 21.99 
Max 24.63 24.89 25.52 26.14 26.09 26.44 26.68 
 126 391 514 565 542 519 300 
        
Persistent myopia 
n 55 270 489 582 557 546 318 
Mean 23.66 23.88 24.23 24.55 24.84 25.06 25.07 
SD 0.84 0.87 0.89 0.96 0.97 0.99 1 
Median 23.55 23.78 24.2 24.52 24.84 25.04 25.03 
Min 22.2 21.64 21.92 21.6 21.74 22.5 22.33 
Max 25.78 27.22 27.92 27.85 28.21 28.21 28.05 
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6 7 8 9 10 11 12 
       
        
Persistent emmetropia 
n 37 169 291 344 326 317 193 
Mean 22.65 22.86 23.06 23.19 23.28 23.34 23.36 
SD 0.71 0.71 0.72 0.69 0.71 0.71 0.71 
Median 22.69 22.87 23.03 23.19 23.27 23.31 23.34 
Min 21.48 21.04 21.35 21.32 21.15 21.66 21.39 
Max 24.13 24.63 24.77 25.04 25.31 25.31 25.27 
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Table 3 - 2 Pearson’s correlation coefficients between repeated measures of AL of 
children with persistent emmetropia 
        
 Age (years) 
        
        
 6 7 8 9 10 11 12 
        
        
All children 
6 1       
7 0.93 1      
8 0.92 0.93 1     
9 0.87 0.91 0.93 1    
10 0.84 0.88 0.92 0.93 1   
11 0.85 0.88 0.91 0.93 0.95 1  
12 0.54 0.84 0.87 0.91 0.93 0.95 1 
        
Persistent hyperopia 
6 1       
7 0.87 1      
8 0.92 0.93 1     
9 0.74 0.92 0.93 1    
10 0.78 0.76 0.79 0.83 1   
11 0.91 0.88 0.92 0.91 0.90 1  
12 - 0.79 0.85 0.87 0.81 0.90 1 
        
Emmetropising hyperopia 
6 1       
7 0.92 1      
8 0.93 0.94 1     
9 0.88 0.89 0.90 1    
10 0.88 0.89 0.91 0.89 1   
11 0.82 0.89 0.90 0.88 0.91 1  
12 - 0.86 0.86 0.89 0.91 0.91 1 
        
Newly developed myopia 
6 1       
7 0.89 1      
8 0.85 0.91 1     
9 0.74 0.85 0.88 1    
10 0.79 0.82 0.87 0.87 1   
11 0.72 0.80 0.83 0.85 0.89 1  
12 0.48 0.76 0.81 0.86 0.88 0.90 1 




Table 3 - 2 Pearson’s correlation coefficients between repeated measures of AL of 
children with persistent emmetropia (continued) 
  
        
 Age (years) 
        
        
 6 7 8 9 10 11 12 
        
        
Persistent myopia 
6 1       
7 0.91 1      
8 0.92 0.89 1     
9 0.89 0.89 0.90 1    
10 0.75 0.86 0.89 0.91 1   
11 0.88 0.85 0.88 0.90 0.92 1  
12 - 0.84 0.83 0.87 0.89 0.92 1 
        
Persistent emmetropia 
6 1       
7 0.95 1      
8 0.93 0.92 1     
9 0.93 0.92 0.90 1    
10 0.92 0.89 0.90 0.89 1   
11 0.95 0.90 0.90 0.90 0.89 1  
12 - 0.92 0.89 0.87 0.87 0.90 1 
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Table 3 - 3 Deviances for FP1 and FP2 models for AL of children with persistent emmetropia 
      
Model  Deviance Model  Deviance 
      






-740 FP (3, –1) 
age
age 13 +  
-748 









1ln1 +  
-744 





-729 FP (0, –0.5) 
age
age 1ln +  
-745 
      
FP (0) ageln  -715 FP (0.5, –0.5) 
age
age 1+  
-746 
      
FP (0.5) age  -696 FP (1, –0.5) 
age
age 1+  
-747 
      
FP (1) age  -673 FP (2, –0.5) 
age
age 12 +  
-750 
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Table 3 - 3 Deviances for FP1 and FP2 models for AL of children with persistent emmetropia (continued) 
      
Model  Deviance Model  Deviance 
      
      
FP (2) 2age  -621 FP (3, –0.5) 
age
age 13 +  
-752 
      
FP (3) 3age  -564 FP (0, 0) ageage ln)(ln 2+  -747 
      







-742 FP (0.5, 0) ageage ln+  -748 
      





-741 FP (2, 0) ageage ln+  -750 
      





-741 FP (3, 0) ageage ln2+  -752 
      




age +  
-741 FP (3, 0) ageage ln3+  -755 
      




age +  
-740 FP (0.5, 0.5) ageageage ln+  -750 
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Table 3 - 3 Deviances for FP1 and FP2 models for AL of children with persistent emmetropia (continued) 
      
Model  Deviance Model  Deviance 
      
      




age +  
-741 FP (3, 0) ageage ln3+  -755 
      




age +  
-740 FP (0.5, 0.5) ageageage ln+  -750 
      




age +  
-740 FP (1, 0.5) ageage+  -752 




age +  
-740 FP (2, 0.5) ageage +2  -755 
      




age +  
-740 FP (3, 0.5) ageage +3  -758 
      




1ln1 +  
-742 FP (1, 1) ageageage ln+  -754 
      




-743 FP (2, 1) ageage +2  -757 
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Table 3 - 3 Deviances for FP1 and FP2 models for AL of children with persistent emmetropia (continued) 
      
Model  Deviance Model  Deviance 
      
      
FP (0, –1) 
age
age 1ln +  
-744 FP (3, 1) ageage +3  -760 
      
FP (0.5, –1) 
age
age 1+  
-744 FP (2, 2) ageageage ln22+  -761 
      
FP (1, –1) 
age
age 1+  
-745 FP (3, 2) 23 ageage +  -763 
      
FP (2, –1) 
age
age 12 +  
-747 FP (3, 3) ageageage ln33+  -765 
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Table 3 - 4 Comparisons of FP models assuming different functional forms 
    
Model Deviance difference when 




p-value for the 
age effect 
    
    
Linear, FP (1) –673 1 < 0.001 
Quadratic, FP (2) –621 1 < 0.001 
Cubic, FP (3) –564 1 < 0.001 
FP (–2) –740 2 < 0.001 
FP (3, 3) –765 4 < 0.001 
    
 
                                               
1
  Null model refer to model without any covariate 
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Table 4 - 1 Demographic and characteristics of children by refractive error group 
Characteristics, n (%) 
      
Refractive error group1 
      
PH 
(n = 47) 
EH 
(n = 142) 
NM 
(n = 601) 
PM 
(n = 616) 
PE 
(n = 369) 
p-value 
      
      
 
Age at last birthday at baseline 
(years) 
   6 
   7 
   8 
   9 









































   Male 
























   Chinese 
   Malay 
   Indian 



























       
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia 
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Table 4 - 1 Demographic and characteristics of children by refractive error group (continued) 
Characteristics, n (%) 
      
Refractive error group1 
      
PH 
(n = 47) 
EH 
(n = 142) 
NM 
(n = 601) 
PM 
(n = 616) 
PE 
(n = 369) 
p-value 
      
       
Father’s highest education level 
   No formal education 
   Primary 
   Secondary 
   Pre-U/Diploma 
   Tertiary/University 






































Height (cm)  
   Mean (SD) 
   Median 
   Range 
























108 to 150 
2 
0.921 
       
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia 
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Table 4 - 1 Demographic and characteristics of children by refractive error group (continued) 
Characteristics, n (%) 
      
Refractive error group1 
      
PH 
(n = 47) 
EH 
(n = 142) 
NM 
(n = 601) 
PM 
(n = 616) 
PE 
(n = 369) 
p-value 
      
       
Weight (kg)  
   Mean (SD) 
   Median 
   Range 
 































Random selected eye 
   Right eye 
















187 (51) 0.451 
Number of visits 
   3 
   4 
   5 




























                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia 
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Table 4 - 2 Pattern of visits for all children between their age of 6 and 12 years old 
  
Pattern of visits at each age (year)1 Number of children, n (%) 
  
  
6 7 8 9 10 11 12 All PH EH NM PM PE 
             
             
√ √ √ √ √ √  144 (8) 3 (6) 15 (11) 67 (11) 36 (6) 23 (6) 
√ √ √ √ √   17 (1) 1 (2) 4 (3) 7 (1) 3 (0) 2 (1) 
√ √ √ √    10 (1) 1 (2) 0 (0) 5 (1) 2 (0) 2 (1) 
√ √ √     13 (1) 1 (2) 0 (0) 5 (1) 3 (0) 4 (1) 
 √ √ √ √ √ √ 345 (19) 9 (19) 32 (23) 147 (24) 102 (17) 55 (15) 
 √ √ √ √ √  158 (9) 3 (6) 12 (8) 62 (10) 48 (8) 33 (9) 
 √ √ √ √   37 (2) 0 (0) 4 (3) 15 (2) 11 (2) 7 (2) 
 √ √ √    48 (3) 1 (2) 5 (4) 16 (3) 13 (2) 13 (4) 
  √ √ √ √ √ 258 (15) 7 (15) 23 (16) 84 (14) 82 (13) 62 (17) 
  √ √ √ √  199 (11) 3 (6) 10 (7) 46 (8) 104 (17) 36 (10) 
  √ √ √   40 (2) 1 (2) 2 (1) 8 (1) 15 (2) 14 (4) 
   √ √ √ √ 201 (11) 7 (15) 7 (5) 36 (6) 95 (15) 56 (15) 
   √ √ √  14 (1) 0 (0) 1 (1) 3 (0) 7 (1) 3 (1) 
Other patterns 291 (16) 10 (21) 27 (19) 100 (17) 95 (15) 59 (16) 
       
       
Total number of children 1,775 47 142 601 616 369 
       
 
                                               
1
 A tick indicates that the child has attended the school visit during the year 
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Table 4 - 3 Best-fitting FP models of ocular components for each refractive error 
group1 
   
Ocular 
components  
n2 Growth model 
   
   
AL (mm)   
All 1,771 21.403 (0.055) + 0.052 (0.002) 2age - 0.0027 (0.0001) 3age  
PH 47 22.878 (0.115) – 34.613 (4.439) 2−age  
EH 141 21.786 (0.101) + 0.006 (0.001) 3age - 0.0021 (0.0003) 
ageage ln3  
NM 601 20.461 (0.104) + 0.127 (0.006) 2age - 0.0404 (0.0021) 
ageage ln2  
PM 614 20.615 (0.137) + 0.163 (0.008) 2age - 0.0532 (0.0027) 
ageage ln2  
PE 368 22.246 (0.065) + 0.005 (0.0004) 3age - 0.0019 (0.0002) 
ageage ln3  
   
VCD (mm)   
All 1,771 9.881 (0.210) + 1.789 (0.071) age  - 0.475 (0.022) ageln  
PH 47 15.993 (0.105) – 40.033 (3.717) 2−age  
EH 141 16.995 (0.065) – 11.095 (0.353) 1−age  
NM 601 18.812 (0.072) + 156.817 (18.311) 2−age - 158.164 (10.865) 
ageage ln2−  
PM 614 20.826 (0.333) – 29.811 (1.572) 1−age - 0.023 (0.017) 1age  
PE 368 17.183 (0.041) – 10.045 (0.224) 1−age  
   
ACD (mm)   
All 1,771 3.429 (0.020) + 0.002 (0.0002) 3age  - 0.001 (0.0001) 
ageage ln3  
PH 47 3.456 (0.277) 
EH 141 3.505 (0.263) 
NM 601 3.390 (0.032) + 0.002 (0.0003) 3age  - 0.001 (0.0001) 
ageage ln3  
PM 614 3.494 (0.040) + 0.002 (0.0003) 3age  - 0.0006 (0.0001) 
ageage ln3  
   
                                               
1
 All: All children; PH: Children with persistent hyperopia; EH: Children with hyperopia who 
emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; PE: 
Children with persistent emmetropia 
2




Table 4 - 3 Best-fitting FP models of ocular components for each refractive error 
group (continued) 
   
Ocular 
components  
n Growth model 
   
   
LT (mm)   
All 1,771 7.172 (0.322) – 1.804 (0.125) 5.0−age  - 5.919 (0.493) 
ageage ln5.0−  
PH 47 3.485 (0.163) 
EH 141 3.745 (0.067) + 73.455 (17.952) 2−age  - 43.491 (10.703) 
ageage ln2−  
NM 601 
–4.791 (1.089) + 12.298 (1.569) 5.0−age + 1.882 (0.257) 
ageln  
PM 614 4.039 (0.084) – 2.092 (0.302) ageln  + 1.324 (0.195) 5.0age  
PE 368 3.653 (0.048) + 58.896 (13.750) 2−age  - 34.265 (8.050) 
ageage ln2−  
   
CR (mm)   
All 1,774 7.762 (0.006) – 1.107 (0.109) 2−age  
PH 47 7.812 (0.248) 
EH 142 7.741 (0.258) 
NM 601 7.777 (0.010) – 0.949 (0.151) 2−age  
PM 616 7.729 (0.010) – 1.344 (0.239) 2−age  
PE 368 7.788 (0.248) 
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Table 4 - 4 Characteristics of children with newly developed myopia and persistent 
emmetropia 
   
Characteristics Persistent 
emmetropia 
(n = 369) 
Newly developed 
myopia 
(n = 508) 
   
Age at entry (years) 
   6 
   7 
   8 
   9 















   Male 









   Chinese 
   Malay 
   Indian 












Number of visits 
   3 
   4 
   5 














Table 4 - 5 SE of children with newly developed myopia at each visit 
    
Year from onset 
of myopia 
Number of 
children Mean (SD) Median (Range) 
    
    
–4 27 0.50 ( 0.25) 0.52 (–0.06 to 0.88) 
–3 102 0.46 ( 0.34) 0.50 (–0.43 to 1.00) 
–2 286 0.25 ( 0.30) 0.25 (–0.47 to 0.98) 
–1 494 –0.11 ( 0.25) –0.15 (–0.47 to 0.75) 
0 508 –0.95 ( 0.38) –0.83 (–2.78 to –0.50) 
1 502 –1.52 ( 0.66) –1.45 (–3.72 to –0.10) 
2 364 –2.02 ( 0.82) –1.95 (–4.43 to 0.22) 
3 221 –2.48 ( 1.00) –2.47 (–5.15 to –0.57) 
4 98 –2.92 ( 1.24) –2.95 (–5.90 to 1.08) 
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Table 4 - 6 Estimated mean of children with newly developed myopia and their 
matched-emmetropia at each visit 
Year from onset of 
myopia 
 
Estimated mean (Standard error)1 
 






   
    
SE (D)    
–4 0.468 (0.020) 0.790 (0.005) –0.178 (0.020) 
–3 0.418 (0.019) 0.697 (0.005) –0.219 (0.019) 
–2 0.192 (0.015) 0.604 (0.005) –0.406 (0.015) 
–1 –0.234 (0.011) 0.511 (0.005) –0.759 (0.012) 
0 –0.819 (0.017) 0.418 (0.005) –1.245 (0.018) 
1 –1.483 (0.026) 0.324 (0.004) –1.800 (0.027) 
2 –2.114 (0.038) 0.231 (0.004) –2.331 (0.038) 
3 –2.577 (0.057) 0.138 (0.004) –2.728 (0.057) 
4 –2.716 (0.096) 0.045 (0.004) –2.865 (0.096) 
    
AL (mm)    
–4 22.787 ().033) 22.653 (0.015) 0.038 (0.030) 
–3 22.864 (0.031) 22.758 (0.014) 0.086 (0.029) 
–2 23.063 (0.030) 22.863 (0.014) 0.210 (0.027) 
–1 23.344 (0.029) 22.969 (0.014) 0.386 (0.027) 
0 23.667 (0.030) 23.074 (0.014) 0.590 (0.028) 
1 23.993 (0.032) 23.179 (0.014) 0.797 (0.029) 
2 24.282 (0.034) 23.284 (0.014) 0.983 (0.032) 
3 24.495 (0.039) 23.389 (0.014) 1.125 (0.038) 
4 24.593 (0.053) 23.494 (0.014) 1.197 (0.051) 
    
VCD (mm)    
–4 15.733 (0.031) 15.588 (0.013) 0.043 (0.029) 
–3 15.808 (0.031) 15.700 (0.013) 0.087 (0.028) 
–2 16.002 (0.030) 15.812 (0.013) 0.202 (0.027) 
–1 16.277 (0.030) 15.924 (0.013) 0.365 (0.027) 
0 16.595 (.030) 16.036 (0.012) 0.557 (0.029) 
1 16.920 (0.032) 16.147 (0.012) 0.756 (0.030) 
2 17.216 (0.034) 16.259 (0.012) 0.940 (0.032) 
3 17.444 (0.038) 16.371 (0.012) 1.088 (0.036) 
4 17.567 (0.048) 16.483 (0.012) 1.179 (0.46) 
    
                                               
1
 Mean and standard error were obtained from the FP models for each ocular component 
2
 Differences between observed data of children who had newly developed myopia and their 
corresponding matched-emmetropia values 
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Table 4 - 6 Estimated mean of children with newly developed myopia and their 
matched-emmetropia at each visit (continued) 
Year from onset of 
myopia 
 
Mean (Standard error)1 
 






   
    
ACD (mm)    
–4 3.533 (0.015) 3.545 (0.004) –0.027 (0.015) 
–3 3.551 (0.013) 3.562 (0.003) –0.014 (0.013) 
–2 3.581 (0.011) 3.574 (0.002) 0.009 (0.010) 
–1 3.612 (0.009) 3.580 (0.002) 0.034 (0.009) 
0 3.636 (0.009) 3.580 (0.002) 0.056 (0.009) 
1 3.649 (0.009) 3.575 (0.002) 0.074 (0.009) 
2 3.648 (0.010) 3.563 (0.002) 0.083 (0.010) 
3 3.628 (0.013) 3.546 (0.003) 0.082 (0.013) 
4 3.588 (0.019) 3.523 (0.003) 0.070 (0.019) 
    
LT (mm)    
–4 3.529 (0.014) 3.472 (0.001) 0.038 (0.015) 
–3 3.499 (0.008) 3.471 (0.001) 0.028 (0.008) 
–2 3.473 (0.007) 3.469 (0.001) 0.006 (0.007) 
–1 3.456 (0.007) 3.466 (0.001) –0.010 (0.007) 
0 3.442 (0.007) 3.463 (0.0003) –0.023 (0.007) 
1 3.420 (0.007) 3.461 (0.0003) –0.033 (0.007) 
2 3.420 (0.007) 3.462 (0.0004) –0.042 (0.007) 
3 3.412 (0.008) 3.468 (0.001) –0.050 (0.007) 
4 3.404 (0.008) 3.482 (0.001) –0.057 (0.008) 
    
CR (mm)    
–4 7.742 (0.011) 
7.771 (0.079) –0.012 (0.242) 
–3 7.750 (0.011) 
–2 7.753 (0.011) 
–1 7.756 (0.011) 
0 7.759 (0.011) 
1 7.761 (0.011) 
2 7.763 (0.011) 
3 7.765 (0.011) 
4 7.767 (0.011) 
    
 
                                               
1
 Mean and standard error were obtained from the FP models for each ocular component 
2
 Differences between observed data of children who had newly developed myopia and their 
corresponding matched-emmetropia values 
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Table 4 - 7 Characteristics of respondents and non-respondents of parent-proxy report 
     
Child’s Characteristics, n (%) All (n = 1,249) 
Respondents 
(n = 948) 
Non-respondents 
(n = 301) p-value 
     
     
Age in years (%), mean(SD) 13.8 (1.4) 13.6 (1.4) 14.5 (1.2) < 0.01 
   11 170 (14) 161 (17) 9 (3)  
   12 207 (17) 176 (19) 31 (10)  
   13 201 (24) 257 (27) 44 (15)  
   14 324 (26) 202 (21) 122 (41)  
   15 165 (13) 110 (12) 55 (18)  
   > 16 82 (7) 42 (4) 40 (13)  
     
Gender    < 0.01 
   Female 635 (51) 502 (53) 133 (44)  
   Male 614 (49) 446 (47) 168 (56)  
     
Ethnicity    < 0.01 
   Chinese 878 (70) 692 (73) 186 (62)  
   Malay 213 (17) 143 (15) 70 (23)  
   Indian 87 (7) 63 (7) 24 (8)  
   Others 71 (6) 50 (5) 21 (7)  
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Table 4 - 7 Characteristics of respondents and non-respondents of parent-proxy report (continued) 
     
Child’s Characteristics, n (%) All (n = 1,249) 
Respondents 
(n = 948) 
Non-respondents 
(n = 301) p-value 
     
     
Father’s highest education level    0.14 
   No formal education 48 (4) 34 (4) 14 (5)  
   Primary 335 (27) 241 (25) 94 (31)  
   Secondary 520 (42) 397 (42) 123 (41)  
   Pre-university/diploma 190 (15) 154 (16) 36 (12)  
   Tertiary/University 154 (12) 121 (13) 33 (11)  
     
Medical problem    0.09 
   No 895 (72) 691 (73) 204 (68)  
   Yes 354 (28) 257 (27) 97 (32)  
   Asthma 87 55 32  
   Diabetes Mellitus 2 1 1  
   Inflammatory Bowel Disease 3 3 0  
   Migraine 24 15 9  
   Obese 60 44 16  
   Overweight 188 142 46  
   Others 32 26 6  
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Table 4 - 7 Characteristics of respondents and non-respondents of parent-proxy report (continued) 
     
Child’s Characteristics, n (%) All (n = 1,249) 
Respondents 
(n = 948) 
Non-respondents 
(n = 301) p-value 
     
     
Use of corrective devices    0.01 
   No 361 (29) 256 (27) 105 (35)  
   Yes 888 (71) 692 (73) 196 (65)  
   Spectacles only 836 659 177  
   Contact lens only 3 1 2  
   Spectacles and contact lens 49 32 17  




Table 4 - 8 Characteristics of children with presence or absence of presenting 
BEVI1 
 
                                               
1
 BEVI was defined as presenting visual acuity of > 0.3 LogMAR in the better-seeing eye 




Characteristics, n (%)   
 Present 
(n = 71) 
Absent 
(n = 1,178) 
   
    
Better eye visual acuity 
(LogMAR) 
  - 
Mean (SD) 0.45 (0.2) 0.01 (0.1)  
Median (range) 0.4 (0.3 to 1.0) 0 (–0.6 to 0.3)  
    
Age in years (%), mean (SD)  13.8 (1.3) 13.8 (1.4) 0.81 
   11 12 (7) 158 (93)  
   12 8 (4) 199 (96)  
   13 13 (4) 288 (96)  
   14 28 (9) 296 (91)  
   15 7 (4) 158 (96)  
   > 16 3 (4) 79 (96)  
    
Gender   0.64 
   Female 38 (6) 597 (94)  
   Male 33 (5) 581 (95)  
    
Ethnicity   0.46 
   Chinese 48 (5) 830 (95)  
   Malay 12 (6) 201 (94)  
   Indian 4 (5) 83 (95)  
   Others 7 (1) 64 (90)  
    
Father’s highest educational level   0.20 
   No formal education 2 (4) 46 (96)  
   Primary 26 (8) 309 (92)  
   Secondary 30 (6) 490 (94)  
   Pre-university/diploma 5 (3) 185 (97)  
   Tertiary/university 8 (5) 146 (95)  
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Table 4 - 8 Characteristics of children with presence or absence of presenting 
BEVI 1 (continued) 
 
                                               
1
 BEVI was defined as presenting visual acuity of > 0.3 LogMAR in the better-seeing eye 




Characteristics, n (%)   
 Present 
(n = 71) 
Absent 
(n = 1,178) 
   
    
Medical problem   0.81 
   No    
   Yes 21 (6) 333 (94)  
      Asthma 5 81  
      Diabetes Mellitus 0 2  
      Inflammatory Bowel Disease 0 3  
      Migraine 4 20  
      Obese 4 56  
      Overweight 8 180  
      Others 2 30  
    
Use of corrective device     
   No 9 (2) 352 (98) < 0.01 
   Yes 62 (7) 826 (93)  
      Spectacles only 58 778  
      Contact lens only 0 3  
      Spectacles and contact lens 4 45  
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Table 4 - 9 Self-reported total and summary scores amongst children by presence 
or absence of presenting BEVI1 
  
Difference 






   
 Present Absent 
   
     
n 71 1,178   
     
Total     
Mean (SD) 81.6 (14.1) 83.7 (11.6) –2.2 (–5.0 to 0.6) 0.13 
Interquartile range 73 to 93 76 to 92   
Range 43 to 100 30 to 100   
     
Physical health     
Mean (SD) 87.7 (14.4) 90.0 (11.6) –2.3 (–5.1 to 0.5) 0.11 
Interquartile range 81 to 100 84 to 100   
Range 41 to 100 25 to 100   
     
Psychosocial health     
Mean (SD) 78.3 (15.3) 80.4 (13.6) –2.1 (–5.4 to 1.2) 0.21 
Interquartile range 67 to 90 72 to 92   
Range 45 to 100 32 to 100   
     
Emotional functioning     
Mean (SD) 73.2 (20.5) 75.8 (18.2) –2.6 (–7.0 to 1.8) 0.25 
Interquartile range 60 to 90 60 to 90   
Range 20 to 100 0 to 100   
     
Social functioning     
Mean (SD) 87.3 (15.3) 87.4 (15.0) –0.1 (–3.7 to 3.5) 0.97 
Interquartile range 80 to 100 80 to 100   
Range 45 to 100 15 to 100   
     
School functioning     
Mean (SD) 74.3 (17.6) 78.0 (16.6) –3.6 (–7.6 to 0.4) 0.08 
Interquartile range 60 to 90 65 to 90   
Range 30 to 100 0 to 100   
     
                                               
1
 BEVI was defined as presenting visual acuity of > 0.3 LogMAR in the better-seeing eye 
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Table 4 - 9 Self-reported total and summary scores amongst children by presence 
or absence of presenting BEVI1 (continued) 
  
Difference 






   
 Present Absent 
   
     
Multivariable analysis : Healthy subjects without medical problems and adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
     
n 50 843   
Total     
Adjusted mean 79.90 83.7 –3.8 (–7.1 to –0.5) 0.03 
     
Physical health     
Adjusted mean 87.1 90.0 –2.9 (–6.1 to 0.4) 0.08 
     
Psychosocial health     
Adjusted mean 76.1 80.3 –4.2 (–8.1 to –0.3) 0.03 
     
Emotional functioning     
Adjusted mean 70.3 74.7 –4.4 (–9.6 to 0.7) 0.09 
     
Social functioning     
Adjusted mean 86.6 89.3 –2.7 (–6.9 to 1.5) 0.21 
     
School functioning     
Adjusted mean 71.4 77.0 –5.5 (–10.2 to –0.9) 0.02 
     
                                               
1
 BEVI was defined as presenting visual acuity of > 0.3 LogMAR in the better-seeing eye 
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Table 4 - 10 Parent-proxy reported total and summary scores amongst children by 
presence or absence of presenting BEVI1 
  
Difference 






 Present Absent 
   
     
n 48 900   
     
Total     
Mean (SD) 82.4 (11.0) 83.1 (13.1) 0.7 (–3.0 to 4.5) 0.70 
Interquartile range 75 to 91 74 to 95   
Range 55 to 100 35 to 100   
     
Physical health     
Mean (SD) 85.9 (11.6) 87.7 (13.0) –1.8 (–5.6 to 2.0) 0.35 
Interquartile range 75 to 100 78 to 100   
Range 63 to 100 34 to 100   
     
Psychosocial health     
Mean (SD) 80.5 (12.6) 80.7 (14.9) –0.2 (–4.5 to 4.1) 0.93 
Interquartile range 73 to 89 70 to 93   
Range 45 to 100 17 to 100   
     
Emotional functioning     
Mean (SD) 76.8 (17.0) 77.7 (19.0) –0.9 (–6.4 to 4.6) 0.75 
Interquartile range 68 to 90 65 to 95   
Range 40 to 100 10 to 100   
     
Social functioning     
Mean (SD) 87.0 (15.1) 85.9 (16.3) 1.1 (–3.7 to 5.8) 0.66 
Interquartile range 75 to 100 75 to 100   
Range 50 to 100 15 to 100   
     
School functioning     
Mean (SD) 77.7 (15.8) 78.4 (16.9) –0.6 (–5.5 to 4.2) 0.80 
Interquartile range 65 to 90 65 to 95   
Range 40 to 100 15 to 100   
     
                                               
1
 BEVI was defined as presenting visual acuity of > 0.3 LogMAR in the better-seeing eye 
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Table 4 - 10 Parent-proxy reported total and summary scores amongst children by 
presence or absence of presenting BEVI1 (continued) 
  
Difference 






 Present Absent 
   
     
Multivariable analysis : Healthy subjects without medical problems and adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
     
n 35 656   
Total     
Adjusted mean 84.7 84.9 –0.3 (–4.7 to 4.1) 0.91 
     
Physical health     
Adjusted mean 85.5 87.4 –1.9 (–6.2 to 2.3) 0.37 
     
Psychosocial health     
Adjusted mean 84.3 83.7 0.6 (–4.4 to 5.6) 0.81 
     
Emotional functioning     
Adjusted mean 83.6 82.9 0.7 (–5.7 to 7.1) 0.83 
     
Social functioning     
Adjusted mean 93.4 91.8 1.6 (–3.9 to 7.0) 0.57 
     
School functioning     
Adjusted mean 76.0 76.4 –0.4 (–6.0 to 5.3) 0.90 
     
 
                                               
1
 BEVI was defined as presenting visual acuity of > 0.3 LogMAR in the better-seeing eye 
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Table 4 - 11 Characteristics of children with presence or absence of worst-seeing eye myopia 
  
p- value 
 Worst-seeing  eye myopia 
  
Characteristics, n (%)    
 High-myopia 
(n = 110) 
Low-myopia 
(n = 784) 
Non-myopia 
(n = 355) 
    
     
Age in years (%), mean (SD)  13.9 (1.3) 13.7 (1.4) 13.9 (1.4) 0.08 
   11 11 (6) 119 (70) 40 (24)  
   12 15 (7) 138 (67) 54 (26)  
   13 32 (11) 169 (56) 100 (33)  
   14 33 (10) 214 (66) 77 (24)  
   15 11 (7) 96 (58) 58 (35)  
   > 16 8 (10) 48 (59) 26 (32)  
     
Gender    0.15 
   Female 51 (8) 415 (65) 169 (27)  
   Male 59 (10) 369 (60) 186 (30)  
     
Ethnicity    < 0.01 
   Chinese 92 (10) 591 (67) 195 (22)  
   Malay 8 (4) 105 (49) 100 (47)  
   Indian 6 (7) 47 (54) 34 (39)  
   Others 4 (6) 41 (58) 26 (37)  
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 Worst-seeing  eye myopia 
  
Characteristics, n (%)    
 High-myopia 
(n = 110) 
Low-myopia 
(n = 784) 
Non-myopia 
(n = 355) 
    
     
Father’s highest educational level    < 0.01 
   No formal education 1 (2) 23 (48) 24 (50)  
   Primary 22 (7) 190 (57) 123 (37)  
   Secondary 48 (9) 332 (64) 140 (27)  
   Pre-university/diploma 26 (14) 125 (66) 39 (21)  
   Tertiary/university 13 (8) 112 (73) 29 (19)  
     
Medical problem     
   No 83 (9) 580 (65) 232 (26) 0.01 
   Yes 27 (8) 204 (58) 123 (35)  
      Asthma 5 46 36  
      Diabetes Mellitus 1 1 0  
      Inflammatory Bowel Disease 1 2 0  
      Migraine 3 13 8  
      Obese 4 33 23  
      Overweight 12 110 66  
      Others 5 19 8  
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Table 4 - 12 Self-reported total and summary scores amongst children by presence 
or absence of worst-seeing eye myopia 
Scores 
 
Worst-seeing  eye myopia 
 
 
High-myopia Low-myopia Non-myopia 
    
    
n 110 784 355 
    
Total    
Mean (SD) 85.3 (12.1) 83.5 (11.8) 83.3 (11.8) 
Interquartile range 78 to 95 76 to 92 76 to 91 




 (–0.6 to 4.5) 
–0.2 
 (–1.3 to 1.6)  
p-value 0.13 0.84 - 
    
Physical health    
Mean (SD) 91.7 (12.0) 89.6 (11.7) 90.0 (12.0) 
Interquartile range 88 to 100 82 to 100 84 to 100 




 (–0.4 to 7.6) 
–0.4 
 (–1.9 to 1.1)  
p -value 0.18 0.60 - 
    
Psychosocial health    
Mean (SD) 81.8 (13.9) 80.3 (13.6) 79.8 (14.0) 
Interquartile range 72 to 92 72 to 92 70 to 90 




 (–0.9 to 5.0) 
–0.5 
 (–1.3 to 2.2)  
p -value 0.17 0.60 - 
    
Emotional 
functioning    
Mean (SD) 78.3 (18.7) 75.4 (18.3) 75.5 (18.6) 
Interquartile range 65 to 95 60 to 90 60 to 90 




 (–1.2 to 6.7) 
–0.1 
 (–2.4 to 2.2)  
p -value 0.17 0.95 - 
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Table 4 - 12 Self-reported total and summary scores amongst children by presence 
or absence of worst-seeing eye myopia (continued) 
Scores 
 
Worst-seeing  eye myopia 
 
 
High-myopia Low-myopia Non-myopia 
    
    
n 110 784 355 
    
Social functioning    
Mean (SD) 87.8 (14.5) 87.2 (15.2) 87.5 (14.9) 
Interquartile range 80 to 100 75 to 100 80 to 100 




 (–2.9 to 3.5) 
–0.2 
 (–2.1 to 1.6)  
p -value 0.86 0.80 - 
    
School functioning    
Mean (SD) 79.5 (16.1) 78.1 (15.9) 76.4 (18.5) 
Interquartile range 70 to 90 70 to 90 65 to 90 




 (–0.5 to 6.6) 
–1.7 
 (–0.4 to 3.8)  
p -value 0.10 0.11 - 
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Table 4 - 13 Self-reported total and summary scores amongst healthy children 
without medical problems by presence or absence of worst-seeing eye 
myopia1 
  





 High-myopia Low-myopia Non-myopia 
    
    
n 83 580 232 
    
Total    
Adjusted mean 83.6 82.7 84.2 
Difference (95% CI) –0.6 
 (–4.4 to 3.2) 
–1.5 
 (–4.4 to 1.3) 
 
p-value 0.76 0.28 - 
    
Physical health    
Adjusted mean 89.2 87.4 88.1 
Difference (95% CI) 1.1 
 (–2.6 to 4.8) 
–0.7 
 (–3.4 to 2.1) 
 
p-value 0.57 0.64 - 
    
Psychosocial health    
Adjusted mean 80.7 80.1 82.1 
Difference (95% CI) –1.5 
 (–5.9 to 3.0) 
–2.0 
 (–5.3 to 1.3) 
 
p-value 0.52 0.23 - 
    
Emotional 
functioning 
   
Adjusted mean 77.7 75.4 77.1 
Difference (95% CI) 0.5 
 (–5.4 to 6.4) 
–1.7 
 (–6.0 to 2.7) 
 
p-value 0.86 0.45 - 
    
Social functioning    
Adjusted mean 87.3 88.7 91.8 
Difference (95% CI) –4.6 
 (–9.3 to 0.2) 
–3.1 
 (–6.7 to 0.4) 
 
p-value 0.06 0.08 - 
    
                                               
1
 Difference was scores reported by children with PH, EH, NM, PM minus scores reported by children 




Table 4 - 13 Self-reported total and summary scores amongst healthy children 
without medical problems by presence or absence of worst-seeing eye 
myopia (continued) 
  





 High-myopia Low-myopia Non-myopia 
    
    
n 83 580 232 
    
School functioning    
Adjusted mean 77.1 76.2 77.5 
Difference (95% CI) –0.4 
 (–5.7 to 4.9) 
–1.2 
 (–5.2 to 2.7) 
 
p-value 0.88 0.54 - 
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Table 4 - 14 Parent-proxy reported total and summary scores amongst children by 
presence or absence of worst-seeing eye myopia 
Scores 
 
Worst-seeing eye myopia 
 
 
High-myopia Low-myopia Non-myopia 
   
    
n 85 616 247 
    
Total    
Mean (SD) 81.6 (13.2) 83.5 (13) 82.5 (12.9) 
Interquartile range 73 to 93 74 to 95 73 to 93 




 (–4.1 to 2.3) 
1.0 
 (–1.0 to 2.9)  
p-value 0.57 0.32 - 
    
Physical health    
Mean (SD) 86.5 (13.6) 87.9 (12.7) 87.4 (13.2) 
Interquartile range 75 to 100 78 to 100 78 to 100 




 (–4.1 to 2.3) 
0.5 
 (–1.4 to 2.5)  
p-value 0.58 0.58 - 
    
Psychosocial health    
Mean (SD) 79 (15) 81.2 (14.8) 80 (14.4) 
Interquartile range 68 to 93 70 to 95 70 to 92 




 (–4.6 to 2.7) 
1.2 
 (–1.0 to 3.4)  
p-value 0.61 0.28 - 
    
Emotional 
functioning    
Mean (SD) 76.9 (18.1) 78.1 (19) 77 (19) 
Interquartile range 65 to 95 65 to 100 65 to 95 




 (–4.7 to 4.6) 
1.1 
 (–1.7 to 3.9)  
p-value 0.99 0.44 - 
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Table 4 - 14 Parent-proxy reported total and summary scores amongst children by 
presence or absence of worst-seeing eye myopia (continued) 
Scores 
 
Worst-seeing eye myopia 
 
 
High-myopia Low-myopia Non-myopia 
   
    
n 85 616 247 
    
Social functioning    
Mean (SD) 82.7 (17) 86.7 (16.1) 85.4 (16.1) 
Interquartile range 75 to 100 75 to 100 75 to 100 




 (–6.7 to 1.3) 
1.3 
 (–1.1 to 3.7)  
p-value 0.19 0.30 - 
    
School functioning    
Mean (SD) 77.4 (16.3) 78.8 (16.9) 77.5 (16.9) 
Interquartile range 65 to 90 70 to 95 65 to 90 




 (–4.3 to 4.0) 
1.2 
 (–1.3 to 3.7)  
p-value 0.96 0.33 - 
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Table 4 - 15 Parent-proxy reported total and summary scores amongst healthy 
children without medical problems by presence or absence of worst-
seeing eye myopia1 
  
Worst-seeing eye myopia 
 
 
High-myopia Low-myopia Non-myopia 
   
    
n 67 462 162 
    
Total    
Adjusted mean 82.3 84.9 87.9 
Difference (95% CI) –5.6 
 (–10.4 to –0.9) 
–3.01 
 (–6.6 to 0.6)  
p-value 0.02 0.10 - 
    
Physical health    
Adjusted mean 85.9 87.4 88.8 
Difference (95% CI) –2.9 
 (–7.5 to 1.7) 
–1.4 
 (–4.9 to 2.1)  
p-value 0.21 0.42 - 
    
Psychosocial health    
Adjusted mean 80.5 83.7 87.6 
Difference (95% CI) –7.0 
 (–12.4 to –1.7) 
–3.9 
 (–7.9 to 0.2)  
p-value 0.01 0.06 - 
    
Emotional 
functioning 
   
Adjusted mean 80.6 82.7 87.0 
Difference (95% CI) –6.5 
 (–13.4 to 0.4) 
–4.3 
 (–9.5 to 0.9)  
p-value 0.07 0.10 - 
    
Social functioning    
Adjusted mean 87.6 92.2 94.8 
Difference (95% CI) –7.2 
 (–13.1 to –1.3) 
–2.7 
 (–7.1 to 1.7)  
p-value 0.02 0.24 - 
    
                                               
1
 Difference was scores reported by children with PH, EH, NM, PM minus scores reported by children 




Table 4 - 15 Parent-proxy reported total and summary scores amongst healthy 
children without medical problems by presence or absence of worst-
seeing eye myopia (continued) 
  
Worst-seeing eye myopia 
 
 
High-myopia Low-myopia Non-myopia 
   
    
n 67 462 162 
    
School functioning    
Adjusted mean 73.3 76.2 80.8 
Difference (95% CI) –7.5 
 (–13.6 to –1.4) 
–4.6 
 (–9.2 to –0.0)  
p-value 0.02 0.05 - 
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Table 4 - 16 Self-reported total and summary scores amongst children by presence 
or absence of hyperopia 
     
 Hyperopia Difference 
(Yes – No) 
95% CI 
p-value    
   
 Present Absent 
     
     
n 81 1,168   
     
Total     
Mean (SD) 84.4 (10.7) 83.6 (11.9) 0.8 (–1.8 to 3.5) 0.54 
Interquartile range 79 to 91 76 to 92   
Range 51 to 100 30 to 100   
     
Physical health     
Mean (SD) 89.9 (12.4) 89.9 (11.8) 0.0 (–2.6 to 2.7) 0.98 
Interquartile range 84 to 100 84 to 100   
Range 44 to 100 25 to 100   
     
Psychosocial health     
Mean (SD) 81.4 (12.5) 80.2 (13.8) 1.3 (–1.8 to 4.3) 0.43 
Interquartile range 73 to 90 72 to 92   
Range 42 to 100 32 to 100   
     
Emotional functioning     
Mean (SD) 76.6 (18.1) 75.6 (18.4) 1.0 (–3.2 to 5.1) 0.64 
Interquartile range 65 to 95 60 to 90   
Range 35 to 100 0 to 100   
     
Social functioning     
Mean (SD) 87.8 (13.6) 87.3 (15.1) 0.5 (–2.9 to 3.9) 0.76 
Interquartile range 80 to 100 80 to 100   
Range 50 to 100 15 to 100   
     
School functioning     
Mean (SD) 79.9 (17.3) 77.6 (16.7) 2.3 (–1.5 to 6.0) 0.24 
Interquartile range 70 to 90 65 to 90   
Range 10 to 100 0 to 100   
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Table 4 - 16 Self-reported total and summary scores amongst children by presence 
or absence of hyperopia (continued) 
     
 Hyperopia Difference 
(Yes – No) 
95% CI 
p-value    
   
 Present Absent 
     
     
Multivariable analysis : Healthy subjects without medical problems and adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
     
n 53 842   
     
Total     
Adjusted mean 84.8 83.0 1.7 (–1.6 to 5.1) 0.31 
     
Physical health     
Adjusted mean 86.8 87.7 –0.9 (–4.2 to 2.4) 0.60 
     
Psychosocial health     
Adjusted mean 83.7 80.5 3.1 (–0.8 to 7.1) 0.12 
     
Emotional functioning     
Adjusted mean 77.9 76.0 2.0 (–3.3 to 7.2) 0.46 
     
Social functioning     
Adjusted mean 92.2 89.0 3.1 (–1.1 to 7.4) 0.15 
     
School functioning     
Adjusted mean 80.9 76.6 4.3 (–0.4 to 9.0) 0.07 
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Table 4 - 17 Self-reported total and summary scores amongst children by presence 
or absence of astigmatism 
    
 Astigmatism Difference 
(Yes – No) 
95% CI 
p-value 
   
   
 Present Absent 
     
     
n 972 277   
     
Total     
Mean (SD) 83.6 (11.8) 83.6 (11.7) 0.1 (–1.5 to 1.7) 0.92 
Interquartile range 76 to 93 77 to 92   
Range 47 to 100 30 to 100   
     
Physical health     
Mean (SD) 90 (11.6) 89.4 (12.5) 0.6 (–0.9 to 2.2) 0.42 
Interquartile range 84 to 100 84 to 100   
Range 44 to 100 25 to 100   
     
Psychosocial health     
Mean (SD) 80.2 (13.8) 80.4 (13.3) –0.2 (2.1 to 1.6) 0.81 
Interquartile range 72 to 92 72 to 92   
Range 32 to 100 33 to 100   
     
Emotional functioning     
Mean (SD) 75.9 (18.3) 75 (18.8) 0.9 (–1.6 to 3.3) 0.49 
Interquartile range 60 to 90 60 to 90   
Range 15 to 100 0 to 100   
     
Social functioning     
Mean (SD) 87.1 (15.3) 88.3 (13.9) –1.2 (–3.2 to 0.8) 0.23 
Interquartile range 75 to 100 80 to 100   
Range 25 to 100 15 to 100   
     
School functioning     
Mean (SD) 77.7 (16.5) 78 (17.4) –0.3 (–2.5 to 1.9) 0.78 
Interquartile range 65 to 90 70 to 90   
Range 0 to 100 0 to 100   
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Table 4 - 17 Self-reported total and summary scores amongst children by presence 
or absence of astigmatism (continued) 
    
 Astigmatism Difference 
(Yes – No) 
95% CI 
p-
value    
   
 Present Absent 
     
     
Multivariable analysis : Healthy subjects without medical problems and adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
     
n 694 201   
     
Total     
Adjusted mean 82.9 83.4 –0.5 (–2.4 to 1.4) 0.60 
     
Physical health     
Adjusted mean 87.8 87.3 0.4 (–1.4 to 2.3) 0.65 
     
Psychosocial health     
Adjusted mean 80.4 81.4 –1.0 (–3.3 to 1.2) 0.37 
     
Emotional functioning     
Adjusted mean 76.0 75.9 0.1 (–2.9 to 3.1) 0.95 
     
Social functioning     
Adjusted mean 88.7 90.7 –2.0 (–4.4 to 0.4) 0.10 
     
School functioning     
Adjusted mean 76.4 77.5 –1.1 (–3.8 to 1.5) 0.41 
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Table 4 - 18 Parent-proxy reported total and summary scores amongst children by 
presence or absence of hyperopia 
    
 Hyperopia Difference 
(Yes – No) 
95% CI 
p-
value   
   
 Present Absent 
     
     
n 61 887   
     
Total     
Mean (SD) 83.5 (11.4) 83.1 (13.1) 0.4 (–3.0 to 3.8) 0.82 
Interquartile range 75 to 93 74 to 95   
Range 54 to 100 35 to 100   
     
Physical health     
Mean (SD) 86 (13) 87.8 (12.9) –1.8 (–5.2 to 1.6) 0.29 
Interquartile range 78 to 97 78 to 100   
Range 53 to 100 34 to 100   
     
Psychosocial health     
Mean (SD) 82.1 (12.5) 80.6 (14.9) 1.6 (–2.3 to 5.4) 0.42 
Interquartile range 73 to 92 70 to 93   
Range 53 to 100 17 to 100   
     
Emotional functioning     
Mean (SD) 80.5 (18.6) 77.5 (18.9) 3.0 (–1.9 to 7.9) 0.23 
Interquartile range 70 to 100 65 to 95   
Range 20 to 100 10 to 100   
     
Social functioning     
Mean (SD) 87.8 (13.2) 85.9 (16.4) 1.9 (–2.3 to 6.1) 0.37 
Interquartile range 80 to 100 75 to 100   
Range 50 to 100 15 to 100   
     
School functioning     
Mean (SD) 78.2 (16) 78.3 (16.9) –0.1 (4.5 to 4.2) 0.95 
Interquartile range 65 to 90 65 to 95   
Range 45 to 100 15 to 100   
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Table 4 - 18 Parent-proxy reported total and summary scores amongst children by 
presence or absence of hyperopia (continued) 
    
 Hyperopia Difference 
(Yes – No) 
95% CI 
p-
value   
   
 Present Absent 
     
     
Multivariable analysis : Healthy subjects without medical problems and adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
     
n 39 652   
     
Total     
Adjusted mean 86.6 84.9 1.7 (–2.7 to 6.0) 0.45 
     
Physical health     
Adjusted mean 86.5 87.4 –0.8 (–5.0 to 3.4) 0.70 
     
Psychosocial health     
Adjusted mean 86.7 83.7 3.0 (–1.9 to 7.9) 0.23 
     
Emotional functioning     
Adjusted mean 87.0 82.9 4.1 (–2.2 to 10.4) 0.20 
     
Social functioning     
Adjusted mean 94.7 91.9 2.8 (–2.5 to 8.2) 0.30 
     
School functioning     
Adjusted mean 78.5 76.3 2.2 (–3.4 to 7.7) 0.45 
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Table 4 - 19 Parent-proxy reported total and summary scores amongst children by 
presence or absence of astigmatism 
 
   
 Astigmatism Difference 
(Yes – No) 
95% CI 
p-
value   
 
  
 Present Absent 
 
    
     
n 735 213   
     
Total     
Mean (SD) 83 (13.2) 83.5 (12.4) –0.5 (2.5 to 1.4) 0.59 
Interquartile range 74 to 95 74 to 93   
Range 43 to 100 35 to 100   
     
Physical health     
Mean (SD) 87.4 (13) 88.5 (12.5) –1.1 (–3.0 to 0.9) 0.29 
Interquartile range 78 to 100 78 to 100   
Range 34 to 100 56 to 100   
     
Psychosocial health     
Mean (SD) 80.6 (14.9) 80.9 (14.2) –0.3 (–2.5 to 2.0) 0.82 
Interquartile range 70 to 93 72 to 92   
Range 35 to 100 17 to 100   
     
Emotional functioning     
Mean (SD) 77.9 (18.9) 76.8 (18.7) 1.1 (–1.8 to 4.0) 0.45 
Interquartile range 65 to 95 65 to 90   
Range 20 to 100 10 to 100   
     
Social functioning     
Mean (SD) 85.7 (16.3) 87.1 (15.8) –1.4 (–3.9 to 1.0) 0.25 
Interquartile range 75 to 100 75 to 100   
Range 15 to 100 25 to 100   
     
School functioning     
Mean (SD) 78.2 (17) 78.7 (16.2) –0.5 (–3.1 to 2.1) 0.70 
Interquartile range 65 to 95 70 to 90   
Range 30 to 100 15 to 100   
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Table 4 - 19 Parent-proxy reported total and summary scores amongst children by 
presence or absence of astigmatism (continued) 
 
   
 Astigmatism Difference 
(Yes – No) 
95% CI 
p-
value   
 
  
 Present Absent 
 
    
     
Multivariable analysis : Healthy subjects without medical problems and adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
     
n 533 158   
     
Total     
Adjusted mean 84.7 85.9 –1.2 (–3.5 to 1.2) 0.34 
     
Physical health     
Adjusted mean 87.2 87.8 –0.6 (–2.9 to 1.7) 0.59 
     
Psychosocial health     
Adjusted mean 83.4 84.9 –1.5 (–4.2 to 1.2) 0.29 
     
Emotional functioning     
Adjusted mean 82.8 83.3 –0.5 (–3.9 to 3.0) 0.78 
     
Social functioning     
Adjusted mean 91.3 94.0 –2.6 (–5.5 to 0.3) 0.08 
     
School functioning     
Adjusted mean 76.1 77.4 –1.3 (–4.4 to 1.8) 0.40 
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Table 4 - 20 Characteristics of children by refractive error groups1 
Child’s Characteristics, n (%) 
Refractive error groups 
p-value 
     
     
PH 
(n = 30) 
EH 
(n = 96) 
NM 
(n = 427) 
PM 
(n = 405) 
PE 
(n = 244) 
       
       
Age in years (%), mean(SD) 13.7 (1.4) 13.4 (1.4) 13.5 (1.0) 14.0 (1.3) 14.1 (1.4) < 0.01 
   11 3 (2) 22 (14) 86 (54) 31 (19) 18 (11)  
   12 8 (4) 21 (11) 78 (40) 58 (30) 31 (16)  
   13 7 (2) 17 (6) 76 (26) 117 (40) 73 (25)  
   14 6 (2) 20 (6) 123 (39) 116 (36) 54 (17)  
   15 4 (3) 13 (8) 52 (33) 48 (30) 43 (27)  
   > 16 2 (3) 3 (4) 12 (16) 35 (45) 25 (32)  
       
Gender      < 0.01 
   Female 16 (53) 57 (59) 243 (57) 196 (48) 93 (38)  
   Male 14 (47) 39 (41) 184 (43) 209 (52) 151 (62)  
       
Ethnicity      < 0.01 
   Chinese 8 (27) 53 (55) 318 (74) 318 (79) 147 (60)  
   Malay 15 (50) 24 (25) 57 (13) 43 (11) 66 (27)  
   Indian 5 (17) 11 (11) 27 (6) 27 (7) 15 (6)  
   Others 2 (7) 8 (8) 25 (6) 17 (4) 16 (7)  
       
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia 
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Table 4 - 20 Characteristics of children by refractive error groups (continued) 
       
Child’s Characteristics, n (%) 
Refractive error groups 
p-value 
     
     
PH 
(n = 30) 
EH 
(n = 96) 
NM 
(n = 427) 
PM 
(n = 405) 
PE 
(n = 244) 
       
       
Father’s highest education level      < 0.01 
   No formal education 2 (7) 7 (7) 15 (4) 6 (2) 15 (6)  
   Primary 11 (37) 29 (30) 103 (24) 95 (24) 85 (35)  
   Secondary 9 (30) 38 (40) 181 (42) 175 (43) 101 (42)  
   Pre-university/diploma 3 (10) 13 (14) 71 (17) 67 (17) 26 (11)  
   Tertiary/University 5 (17) 9 (9) 57 (13) 61 (15) 16 (7)  
       
Medical problem      0.03 
   No 20 (67) 66 (69) 310 (73) 308 (76) 158 (65)  
   Yes 10 (33) 30 (31) 117 (27) 97 (24) 86 (35)  
   Asthma 5 8 27 23 21  
   Diabetes Mellitus 0 0 1 1 0  
   Inflammatory Bowel Disease 0 0 1 2 0  
   Migraine 1 0 9 7 6  
   Obese 1 8 22 11 18  
   Overweight 6 17 59 53 43  
   Others 0 2 8 15 6  
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Table 4 - 20 Characteristics of children by refractive error groups (continued) 
       
Child’s Characteristics, n (%) 
Refractive error groups 
p-value 
     
     
PH 
(n = 30) 
EH 
(n = 96) 
NM 
(n = 427) 
PM 
(n = 405) 
PE 
(n = 244) 
       
       
Use of corrective devices      < 0.01 
   No 15 (50) 85 (89) 44 (10) 1 (0) 194 (80)  
   Yes 15 (50) 11 (11) 383 (90) 404 (100) 50 (20)  
   Spectacles only 14 10 365 374 49  
   Contact lens only 1 1 1 0 0  
   Spectacles and contact lens 0 0 17 30 1  
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Table 4 - 21 Self-reported total and summary scale scores amongst children by refractive error groups1 
Scores 
 
Refractive error groups 
 
     
PH EH NM PM PE 
      
      
n 30 96 427 405 244 
      
Total      
Mean (SD) 82.2 (13) 84.1 (10.7) 83.3 (11.8) 83.8 (11.8) 83.5 (12.1) 
Interquartile range 73 to 91 78 to 91 75 to 93 76 to 92 77 to 92 




 (–5.7 to 3.3) 
0.6 
(–2.2 to 3.4) 
–0.2 
(–1.6 to 2.1) 
0.3 
(–1.6 to 2.1)  
p-value 0.59 0.67 0.82 0.78 - 
      
Physical health      
Mean (SD) 89.3 (12.7) 89.5 (10.8) 89.3 (11.7) 89.8 (12.1) 90.9 (11.9) 
Interquartile range 84 to 100 83 to 100 81 to 100 84 to 100 88 to 100 
Range 44 to 100 56 to 100 41 to 100 44 to 100 25 to 100 
Difference  
(95% CI)  
–1.6 
 (–6.1 to 2.8) 
–1.4 
 (–4.2 to 1.4) 
–1.6 
 (–3.4 to 0.3) 
–1.1 
 (–3.0 to 0.8)  
p-value 0.47 0.33 0.10 0.25 - 
      
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia; Difference was scores reported by children with PH, EH, NM, PM minus scores reported by children with PE 
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Table 4 - 21 Self-reported total and summary scale scores amongst children by refractive error groups (continued) 
Scores 
 
Refractive error groups 
 
     
PH EH NM PM PE 
      
      
Psychosocial health      
Mean (SD) 78.5 (15.3) 81.2 (13) 80 (13.6) 80.5 (13.5) 79.5 (14.4) 
Interquartile range 70 to 92 73 to 90 72 to 92 72 to 90 70 to 92 
Range 42 to 100 37 to 100 32 to 100 42 to 100 33 to 100 
Difference  
(95% CI)  
–1.0 
 (–6.2 to 4.2) 
1.7 
 (–1.6 to 4.9) 
0.5 
 (–1.6 to 2.7) 
1.0 
 (–1.2 to 3.2)  
p-value 0.71 0.31 0.63 0.36 - 
      
Emotional functioning      
Mean (SD) 72.7 (19.9) 77.3 (17.3) 75.7 (18.2) 75.7 (18.3) 75 (18.9) 
Interquartile range 60 to 90 65 to 90 60 to 90 60 to 90 60 to 90 
Range 35 to 100 30 to 100 20 to 100 15 to 100 0 to 100 
Difference  
(95% CI)  
–2.4 
 (–9.3 to 4.6) 
2.3 
 (–2.0 to 6.7) 
0.7 
 (–2.2 to 3.6) 
0.7 
 (–2.3 to 3.6)  
p-value 0.51 0.29 0.64 0.66 - 
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Table 4 - 21 Self-reported total and summary scale scores amongst children by refractive error groups (continued) 
Scores 
 
Refractive error groups 
 
     
PH EH NM PM PE 
      
      
Social functioning      
Mean (SD) 86.2 (16.3) 88.1 (13.7) 86.7 (14.9) 87.4 (15.3) 87.6 (15.6) 
Interquartile range 75 to 100 85 to 100 75 to 100 80 to 100 75 to 100 
Range 50 to 100 15 to 100 25 to 100 25 to 100 30 to 100 
Difference  
(95% CI)  
–1.4 
 (–7.2 to 4.3) 
0.5 
 (–3.1 to 4.1) 
–0.9 
 (–3.2 to 1.5) 
–0.2 
 (–2.6 to 2.2)  
p-value 0.63 0.79 0.48 0.86 - 
      
School functioning      
Mean (SD) 76.7 (18.1) 78.1 (18.7) 77.7 (16.6) 78.5 (15.4) 75.9 (18) 
Interquartile range 60 to 90 65 to 90 65 to 90 70 to 90 65 to 90 
Range 35 to 100 0 to 100 15 to 100 10 to 100 0 to 100 
Difference  
(95% CI)  
0.7 
 (–5.6 to 7.1) 
2.2 
 (–1.8 to 6.1) 
1.7 
 (–0.9 to 4.4) 
2.6 
 (–0.1 to 5.2)  
p-value 0.82 0.28 0.20 0.05 - 
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Table 4 - 22 Self-reported total and summary scores amongst healthy children without medical problems by refractive error groups1 
 Refractive error groups 
 PH EH NM PM PE 
      
n 20 66 310 308 158 
      
Total      
Adjusted mean 83.1 85.5 82.5 82.0 84.0 
Difference (95% CI) –0.8 
 (–6.4 to 4.7) 
1.5 
 (–1.9 to 5.0) 
–1.4 
 (–4.4 to 1.5) 
–2.0 
 (–5.1 to 1.1) 
 
p-value 0.77 0.38 0.34 0.21 - 
      
Physical health      
Adjusted mean 87.0 88.0 87.5 86.9 88.9 
Difference (95% CI) –1.8 
 (–7.3 to 3.6) 
–0.9 
 (–4.3 to 2.5) 
–1.4 
 (–4.3 to 1.5) 
–1.9 
 (–5.0 to 1.1) 
 
p-value 0.51 0.61 0.35 0.21 - 
      
Psychosocial health      
Adjusted mean 81.0 84.2 79.9 79.3 81.3 
Difference (95% CI) –0.3 
 (–6.8 to 6.3) 
2.8 
 (–1.2 to 6.9) 
–1.4 
 (–4.9 to 2.0) 
–2.0 
 (–5.7 to 1.7) 
 
p-value 0.93 0.17 0.42 0.28 - 
      
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia; Difference was scores reported by children with PH, EH, NM, PM minus scores reported by children with PE after adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
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Table 4 - 22 Self-reported total and summary scores amongst healthy children without medical problems by refractive error groups (continued) 
 Refractive error groups 
 PH EH NM PM PE 
      
n 20 66 310 308 158 
      
Emotional 
functioning 
     
Adjusted mean 73.3 79.0 75.7 74.6 75.5 
Difference (95% CI) –2.2 
 (–10.8 to 6.4) 
3.5 
 (–1.8 to 8.8) 
0.2 
 (–4.3 to 4.8) 
–0.9 
 (–5.7 to 3.9) 
 
p-value 0.62 0.20 0.93 0.72 - 
      
Social functioning      
Adjusted mean 91.7 93.1 88.2 87.1 91.4 
Difference (95% CI) 0.3 
 (–6.8 to 7.3) 
1.6 
 (–2.7 to 6.0) 
–3.2 
 (–6.9 to 0.5) 
–4.3 
 (–8.3 to –0.4) 
 
p-value 0.94 0.47 0.09 0.03 - 
      
School functioning      
Adjusted mean 78.1 80.5 75.8 76.3 77.1 
Difference (95% CI) 1.1 
 (–6.7 to 8.9) 
3.4 
 (–1.4 to 8.2) 
–1.3 
 (–5.4 to 2.8) 
–0.8 
 (–5.1 to 3.6) 
 
p-value 0.79 0.17 0.53 0.73 - 
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Table 4 - 23 Parent proxy-reported total and summary scale scores amongst children by refractive error groups1 
Scores 
 
Refractive error groups 
     
     
PH EH NM PM PE 
     
      
n 24 70 341 310 164 
      
Total      
Mean (SD) 81.9 (12.9) 83.3 (13.9) 83.4 (12.5) 83.2 (13.6) 82 (12.7) 
Interquartile range 70 to 93 74 to 95 74 to 95 74 to 95 73 to 92 




 (–5.7 to 5.5) 
1.3 
 (–2.4 to 4.9) 
1.4 
 (–1.1 to 3.8) 
1.2 
 (–1.3 to 3.7)  
p-value 0.97 0.49 0.28 0.35 - 
      
Physical health      
Mean (SD) 85.3 (14.9) 88.6 (13) 87.8 (12.4) 87.3 (13.5) 87.5 (12.9) 
Interquartile range 77 to 100 78 to 100 78 to 100 78 to 100 78 to 100 
Range 53 to 100 56 to 100 34 to 100 41 to 100 53 to 100 
Difference  
(95% CI)  
–2.2 
 (–7.7 to 3.4) 
1.2 
 (–2.5 to 4.8) 
0.4 
 (–2.0 to 2.8) 
–0.2 
 (–2.6 to 2.3)  
p-value 0.45 0.53 0.77 0.89 - 
      
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia; Difference was scores reported by children with PH, EH, NM, PM minus scores reported by children with PE 
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Table 4 - 23 Parent proxy-reported total and summary scale scores amongst children by refractive error groups (continued) 
Scores 
 
Refractive error groups 
     
     
PH EH NM PM PE 
     
      
n 24 70 341 310 164 
      
Psychosocial health      
Mean (SD) 80.1 (13.7) 80.4 (16.2) 81 (14.4) 81 (15.1) 79.1 (14.2) 
Interquartile range 72 to 92 70 to 95 70 to 95 70 to 93 68 to 92 
Range 53 to 100 35 to 100 17 to 100 40 to 100 41 to 100 
Difference  
(95% CI)  
1.0 
 (–5.3 to 7.3) 
1.4 
 (–2.8 to 5.5) 
1.9 
 (–0.8 to 4.7) 
1.9 
 (–0.9 to 4.7)  
p-value 0.76 0.52 0.17 0.18 - 
      
Emotional functioning      
Mean (SD) 76.3 (23.7) 79.7 (18.5) 77.9 (19) 78.1 (18.8) 75.5 (17.9) 
Interquartile range 60 to 98 70 to 95 65 to 100 65 to 100 63 to 90 
Range 20 to 100 30 to 100 10 to 100 25 to 100 30 to 100 
Difference  
(95% CI)  
0.8 
 (–7.3 to 8.9) 
4.2 
 (–1.0 to 9.5) 
2.4 
 (–1.1 to 5.9) 
2.7 
 (–0.9 to 6.2)  
p-value 0.85 0.12 0.18 0.14 - 
      
78 
 
Table 4 - 23 Parent proxy-reported total and summary scale scores amongst children by refractive error groups (continued) 
Scores 
 
Refractive error groups 
     
     
PH EH NM PM PE 
     
      
n 24 70 341 310 164 
      
Social functioning      
Mean (SD) 87.7 (12.2) 84.6 (18.7) 86.5 (15.3) 86 (16.6) 84.6 (16.8) 
Interquartile range 83 to 98 75 to 100 75 to 100 75 to 100 73 to 100 
Range 55 to 100 15 to 100 25 to 100 30 to 100 25 to 100 
Difference  
(95% CI)  
3.1 
 (–3.9 to 10.0) 
–0.0 
 (–4.6 to 4.5) 
1.9 
 (–1.2 to 4.9) 
1.4 
 (–1.7 to 4.5)  
p-value 0.39 1.00 0.23 0.37 - 
      
School functioning      
Mean (SD) 76.3 (16.3) 76.9 (19.2) 78.5 (16.8) 78.8 (16.9) 77.1 (16) 
Interquartile range 65 to 90 65 to 95 65 to 95 65 to 95 65 to 90 
Range 45 to 100 30 to 100 15 to 100 35 to 100 35 to 100 
Difference  
(95% CI)  
–0.9 
 (–8.1 to 6.4) 
–0.2 
 (–4.9 to 4.5) 
1.4 
 (–1.8 to 4.5) 
1.7 
 (–1.5 to 4.9)  
p-value 0.81 0.93 0.39 0.31 - 
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Table 4 - 24 Parent proxy-reported total and summary scores amongst healthy children without medical problems by refractive error groups1 
  





 PH EH NM PM PE 
      
      
n 16 48 249 242 108 
      
Total      
Adjusted mean 86.4 89.1 86.2 84.8 87.1 
Difference (95% CI) –0.7 
 (–7.6 to 6.1) 
2.0 
 (–2.4 to 6.4) 
–0.9 
 (–4.7 to 2.8) 
–2.2 
 (–6.2 to 1.7) 
 
p-value 0.83 0.38 0.63 0.27 - 
      
Physical health      
Adjusted mean 88.8 90.7 89.2 87.5 89.6 
Difference (95% CI) –0.8 
 (–7.5 to 5.8) 
1.1 
 (–3.2 to 5.4) 
–0.4 
 (–4.0 to 3.2) 
–2.1 
 (–6.0 to 1.7) 
 
p -value 0.81 0.61 0.83 0.28 - 
      
                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; 
PE: Children with persistent emmetropia; Difference was scores reported by children with PH, EH, NM, PM minus scores reported by children with PE after adjusted for age, 
gender, ethnicity, father’s highest educational level and use of corrective device 
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Table 4 - 24 Parent proxy-reported total and summary scores amongst healthy children without medical problems by refractive error groups 
(continued) 
  





 PH EH NM PM PE 
      
      
n 16 48 249 242 108 
      
Psychosocial health      
Adjusted mean 85.1 88.3 84.7 83.5 85.8 
Difference (95% CI) –0.7 
 (–8.5 to 7.2) 
2.5 
 (–2.5 to 7.6) 
–1.1 
 (–5.4 to 3.1) 
–2.3 
 (–6.8 to 2.2) 
 
p -value 0.87 0.33 0.60 0.32 - 
      
Emotional 
functioning 
     
Adjusted mean 83.3 90.5 84.2 83.4 86.0 
Difference (95% CI) –2.7 
 (–12.7 to 7.3) 
4.5 
 (–2.0 to 10.9) 
–1.8 
 (–7.2 to 3.7) 
–2.7 
 (–8.5 to 3.1) 
 
p -value 0.59 0.17 0.52 0.36 - 
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Table 4 - 24 Parent proxy-reported total and summary scores amongst healthy children without medical problems by refractive error groups 
(continued) 
  





 PH EH NM PM PE 
      
      
n 16 48 249 242 108 
      
Social functioning      
Adjusted mean 94.9 93.9 92.6 90.5 92.2 
Difference (95% CI) 2.8 
 (–5.8 to 11.3) 
1.8 
 (–3.7 to 7.3) 
0.4 
 (–4.2 to 5.1) 
–1.7 
 (–6.6 to 3.3) 
 
p -value 0.53 0.53 0.86 0.50 - 
      
School functioning      
Adjusted mean 77.2 80.5 77.2 76.7 79.3 
Difference (95% CI) –2.1 
 (–11.0 to 6.8) 
1.2 
 (–4.5 to 7.0) 
–2.1 
 (–7.0 to 2.7) 
–2.6 
 (–7.7 to 2.6) 
 
p -value 0.64 0.68 0.39 0.32 - 
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Table 4 - 25 Intra-class correlation coefficients (ICC) between child self-report and 
parent proxy-report 
  
Scores ICC (95% CI) 
  
  
Total score 0.001 (0 to 0.006) 
Physical health 0.016 (0 to 0.062) 
Psychosocial health 0 (0 to 0.0.003) 
Emotional functioning 0.004 (0 to 0.020) 
Social functioning 0.002 (0 to 0.010) 












   
                                               
1
 Reprinted from Investigative Ophthalmology & Visual Science, 46(7), Jones, L. A., Mitchell, G. L., 
Mutti, D. O., Hayes, J. R., Moeschberger, M. L. & Zadnik, K., “Comparison of ocular component 
growth curves among refractive error groups in children”, 2317-27, Copyright (2005), with permission 
from Association for Research in Vision and Ophthalmology. 
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Figure 1 - 2 Growth curve for VCD of children in OLSM1 
 
                                               
1
 Reprinted from Investigative Ophthalmology & Visual Science, 46(7), Jones, L. A., Mitchell, G. L., 
Mutti, D. O., Hayes, J. R., Moeschberger, M. L. & Zadnik, K., “Comparison of ocular component 
growth curves among refractive error groups in children”, 2317-27, Copyright (2005), with permission 
from Association for Research in Vision and Ophthalmology. 
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Figure 1 - 3 Growth curve for ACD of children in OLSM1 
 
                                               
1
 Reprinted from Investigative Ophthalmology & Visual Science, 46(7), Jones, L. A., Mitchell, G. L., 
Mutti, D. O., Hayes, J. R., Moeschberger, M. L. & Zadnik, K., “Comparison of ocular component 
growth curves among refractive error groups in children”, 2317-27, Copyright (2005), with permission 
from Association for Research in Vision and Ophthalmology. 
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Figure 1 - 4 Growth curve for LT of children in OLSM1 
 
                                               
1
 Reprinted from Investigative Ophthalmology & Visual Science, 46(7), Jones, L. A., Mitchell, G. L., 
Mutti, D. O., Hayes, J. R., Moeschberger, M. L. & Zadnik, K., “Comparison of ocular component 
growth curves among refractive error groups in children”, 2317-27, Copyright (2005), with permission 
from Association for Research in Vision and Ophthalmology. 
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Figure 2 - 1 Algorithm for translation and linguistic validation for PedsQL v4 
parent proxy-report1 
 
                                               
1
 Reprinted from http://www.pedsql.org/PedsQL-Linguistic-Validation-Guidelines.doc, “Linguistic 
validation of the PedsQLTM – a Quality of Life Questionnaire”, retrieved on 3 Sep, 2005, Copyright 






















Process Decision Result 
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Figure 3 - 1 Trajectories of AL for 10 randomly selected subjects from each 




























































                                               
1
 PH: Children with persistent hyperopia; EH: Children with hyperopia who emmetropise; NM: 




































































































Figure 3 - 5 Correlation between first and subsequent observations (left panel) and 




































                                               
1
 All: All children; PH: Children with persistent hyperopia; EH: Children with hyperopia who 
emmetropise; NM: Children with newly developed myopia; PM: Children with persistent myopia; PE: 
Children with persistent emmetropia 
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Figure 3 - 6 Deviances by 1z and 2z  for FP1 (left panel) and FP2 (right panel) 





















































Figure 3 - 7 Conventional polynomials and best-fitting FP models for AL of 
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Figure 3 - 8 Raw and smoothed residuals with 95% CI of fitted models for AL of 

















































































































Figure 3 - 9 Raw and smoothed residuals with 95% CI for best-fitting FP2 model 


































Figure 3 - 10 Comparison of best-fitting FP models for AL of children with 
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1
 Adjusted for gender, ethnicity, father’s highest education level and height (cm) measured at each visit, 
and p-value was obtained from the test of interaction 
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Figure 3 - 11 LOWESS and trajectories of AL for 10 randomly selected children 
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1
 AL measured before and after the onset of myopia (dash line) for 10 randomly selected children with 
newly developed myopia and fitted LOWESS smoothing curve (solid line) 
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Figure 3 - 12 Piecewise and best-fitting FP models with 95% CI of AL for children 
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Figure 3 - 13 Raw and smoothed residuals with 95% CI for piecewise and best-
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Figure 3 - 14 Best-fitting FP models of different in AL for children with newly 
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Figure 3 - 15 Fitted values and slope of change for AL of children with newly 





















-4 -3 -2 -1 0 1 2 3 4
Time from myopia onset (years)

































-4 -3 -2 -1 0 1 2 3 4
Time from myopia onset (years)
Newly Developed Myopia Matched-Emmetropia
 
                                               
1
 Fitted values (top panel) and slope of change (bottom panel) for AL of children with newly developed 




Figure 4 - 1 LOWESS and trajectories of heights for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
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Figure 4 - 3 LOWESS and trajectories of SE for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
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Figure 4 - 5 LOWESS and trajectories of AL for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
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1
 Adjusted for gender, ethnicity, father’s highest education level and height (cm) measured at each visit, 
and p-value was obtained from the test of interaction 
110 
 
Figure 4 - 8 LOWESS and trajectories of VCD for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
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Figure 4 - 10 Comparisons of VCD growth pattern between refractive error groups1 





























































                                               
1
 Adjusted for gender, ethnicity, father’s highest education level and height (cm) measured at each visit, 
and p-value was obtained from the test of interaction 
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Figure 4 - 11 LOWESS and trajectories of ACD for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
114 
 










































































































                                               
1
 Adjusted for gender, ethnicity, father’s highest education level and height (cm) measured at each visit, 
and p-value was obtained from the test of interaction 
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Figure 4 - 14 LOWESS and trajectories of LT for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
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1
 Adjusted for gender, ethnicity, father’s highest education level and height (cm) measured at each visit, 
and p-value was obtained from the test of interaction 
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Figure 4 - 17 LOWESS and trajectories of CR for 10 randomly selected children 
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1
 LOWESS: fitted for all children; PH: Children with persistent hyperopia; EH: Children with 
hyperopia who emmetropise; NM: Children with newly developed myopia; PM: Children with 
persistent myopia; PE: Children with persistent emmetropia 
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 Adjusted for gender, ethnicity, father’s highest education level and height (cm) measured at each visit, 
and p-value was obtained from the test of interaction 
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Figure 4 - 20 LOWESS and trajectories of SE for 10 randomly selected children with 
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1
 SE measured before and after the onset of myopia (dash line) for 10 randomly selected children with 
newly developed myopia and fitted LOWESS smoothing curve (solid line) 
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Figure 4 - 21 Best-fitting FP models of different in SE for children with newly 
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Figure 4 - 22 Fitted values and slope of change for SE of children with newly 
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1
 Fitted values (top panel) and slope of change (bottom panel) for SE of children with newly developed 




Figure 4 - 23 LOWESS and trajectories of AL for 10 randomly selected children 
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1
 AL measured before and after the onset of myopia (dash line) for 10 randomly selected children with 
newly developed myopia and fitted LOWESS smoothing curve (solid line) 
126 
 
Figure 4 - 24 Best-fitting FP models of different in AL for children with newly 
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Figure 4 - 25 Fitted values and slope of change for AL of children with newly 
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1
 Fitted values (top panel) and slope of change (bottom panel) for AL of children with newly developed 




Figure 4 - 26 LOWESS and trajectories of VCD for 10 randomly selected children 
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1
 VCD measured before and after the onset of myopia (dash line) for 10 randomly selected children 
with newly developed myopia and fitted LOWESS smoothing curve (solid line) 
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Figure 4 - 27 Best-fitting FP models of different in VCD for children with newly 
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Figure 4 - 28 Fitted values and slope of change for VCD of children with newly 
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 Fitted values (top panel) and slope of change (bottom panel) for VCD of children with newly 





Figure 4 - 29 LOWESS and trajectories of ACD for 10 randomly selected children 
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1
 ACD measured before and after the onset of myopia (dash line) for 10 randomly selected children 
with newly developed myopia and fitted LOWESS smoothing curve (solid line) 
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Figure 4 - 30 Best-fitting FP models of different in ACD for children with newly 
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Figure 4 - 31 Fitted values and slope of change for ACD of children with newly 
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 Fitted values (top panel) and slope of change (bottom panel) for ACD of children with newly 





Figure 4 - 32 LOWESS and trajectories of LT for 10 randomly selected children with 
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 LT measured before and after the onset of myopia (dash line) for 10 randomly selected children with 
newly developed myopia and fitted LOWESS smoothing curve (solid line) 
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Figure 4 - 33 Best-fitting FP models of different in LT for children with newly 
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Figure 4 - 34 Fitted values and slope of change for LT of children with newly 
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 Fitted values (top panel) and slope of change (bottom panel) for LT of children with newly developed 




Figure 4 - 35 LOWESS and trajectories of CR for 10 randomly selected children 
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 CR measured before and after the onset of myopia (dash line) for 10 randomly selected children with 
newly developed myopia and fitted LOWESS smoothing curve (solid line) 
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Figure 4 - 36 Best-fitting FP models of different in CR for children with newly 
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Figure 4 - 37 Fitted values and slope of change for CR of children with newly 
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 Fitted values (top panel) and slope of change (bottom panel) for CR of children with newly developed 




Figure 4 - 38 Bland-Altman plot for agreement between child self-reported and 
parent proxy-reported total scale scores 
 
Average of Total Scores (Child – Parent Proxy) 








































Upper limit: 26.8 
Mean: 0.8 




Appendix 1 Literature review of studies administered PedsQL v4 
The PedsQL builds on a programmatic instrument development research and 
effort by Varni and colleagues in paediatric chronic health conditions during the past 
15 years, beginning with the measurement of pain and functional status.(Varni, 
Thompson & Hanson, 1987; Varni, Wilcox, Hanson & Brik, 1988)  The PedsQL 1.0 
originally derived from a paediatric cancer database, was designed as a generic 
HRQoL instrument to be utilised noncategorically, that is, across diverse paediatric 
populations.(Varni, Katz, Seid, Quiggins & Friedman-Bender, 1998; Varni, Katz, 
Seid, Quiggins, Friedman-Bender, et al., 1998; Varni, Quiggens & Ayala, 2000; Varni, 
Rode, Seid, et al., 1999; Varni, Seid & Rode, 1999)  The PedsQL 2.0 and 3.0 included 
additional constructs and items, a more sensitive scaling range, and a broader age 
range for child self-report and parent proxy-report.  The PedsQL v4 have resulted 
from this iterative process and included child self-report for ages 5-18 years and 
parent proxy-report for ages 2-18 years. 
In the initial field trial, PedsQL v4 was administered to 1,677 families (963 
children aged 5 to 18 years and 1,629 parents of children aged 2 to 18 years), 
recruited from private practice paediatrician offices and community health 
clinics.(Varni, Seid & Kurtin, 2001)  Internal consistency reliability for the total score 
(alpha coefficients ( α ): Self 0.88, Parent proxy 0.90), Physical Health Summary 
Score (α : Self 0.80, Parent proxy 0.88), and Psychosocial Health Summary Score (α : 
Self 0.83, Parent proxy 0.86) were acceptable for group comparisons.  The PedsQL v4 
distinguished between healthy children and paediatric patients with acute or chronic 
health conditions and was related to indicators of morbidity and illness burden.  The 
mean (SD) for Total scales scores reported by 401 healthy children was 83.00 (14.79) 
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and 718 parents of healthy children was 87.61 (12.33).  The summary and subscale 
scores for healthy children obtained were used as normative samples for subsequent 
studies.  A further investigation of PedsQL as a paediatric population health 
instrument has been carried out by the same authors in 10,242 families with children 
ages 2 to 16 years in California of USA and similar results have been reported (Mean 
(SD) total scores: Self 83.91 (12.47), Parent proxy 82.29 (15.55)).(Varni, Burwinkle, 
Seid & Skarr, 2003) 
A search in MEDLINE database using PUBMED was conducted to identify all 
studies administered PedsQL v4, either child self-report or parent proxy-report or both 
reports in measuring the HRQoL of children and adolescents.  All abstracts of studies 
published in English between August 2001 and October 2005 were reviewed for 
relevance and full articles obtained where appropriate. The studies reported at least 
the total, summary or subscale scores have been included. 
Appendix 1 summarised the documented information on study design, conduct 
and outcomes of 30 studies administered PedsQL v4.  The majority of the studies 
(67%) were conducted in the USA, 3 in the UK, 2 each in Australia and Canada, and 
1 in Austria, the Netherlands and Poland.  The English version of PedsQL v4 was 
administered in 14 (47%) studies, while one study each administered Dutch and 
German translated version.  However, the language version used in 14 studies was not 
specified in the articles.  Both child self-report and parent proxy-report have been 
administered in 23 (77%) studies while 3 administered proxy-report and 4 
administered self-report only.  Fifteen (50%) studies recruited children across a broad 
age range (2 to 18 years), 12 on middle childhood and adolescence (6-18 years), 2 on 
middle childhood (6-12 years) and only 1 on adolescence alone (12-18 years).  The 
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sample sizes of the studies ranged from 10 to 1,456 with the justification for the 
sample size used reported in only 3 (10%) studies.  A total of 23 (77%) cross-
sectional studies and 6 cohort studies have been identified.  Both cross-sectional and 
cohort designs have been used for different disease populations (cross-sectional – 
paediatric cardiology, cohort – paediatric orthopaedics and rheumatology) in one 
study. 
The reliability was reported in terms of internal consistency and test-retest 
reliability for 1 studies and internal consistency alone was reported for 13 studies.  
The internal consistency reliability, α  of the child self-report and parent proxy-report 
was reported to be close to or exceeding the minimum reliability standard of 0.70 for 
most of the studies.(Nunnally & Bernstein, 1994)  In addition, the validity of the 
study was reported for 11 (38%) studies (7 with known-groups alone, 2 with construct 
and discriminant, 1 with clinical and concurrent and 1 with construct and discriminant 
and convergent and criterion).  Besides, the correlations between the child self-report 
and parent proxy-report were showed in the medium (0.30) to large (0.50) effect size 
range.  These studies have been grouped according to the diseases and each has been 
reported separately. 
Arthritis 
On all the subscales of PedsQL v4 estimated from 59 children with juvenile 
idiopathic arthritis aged 8 to 18 years, children reported significantly higher scores 
than were reported by their parents.(Sawyer, Whitham, Roberton, et al., 2004)  No 
summary scores have been presented in this study.   In contrast, only the total score 
presented in a study of children with chronic arthritis (Mean (SD): Self 0.78 (0.17), 
Parent proxy 0.79 (0.19)) and another in children with juvenile rheumatoid arthritis 
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(Mean (SD): Self 0.78 (0.17), Parent proxy 0.79 (0.19)).(Brunner, Klein-Gitelman, 
Miller, et al., 2004; Connelly, 2005)  Both studies concluded no significant difference 
in child self-report and parent proxy-report.  The aim of these studies was to examine 
the strength of association between different instruments in arthritis and thus detailed 
analysis of PedsQL v4 has not been carried out. 
Asthma 
The PedsQL v4 has been validated in 404 children with asthma aged 5 to 16.4 
years.(Varni, Burwinkle, Rapoff, et al., 2004)  The child and parent of asthma samples 
have significantly lower scores compared to the healthy samples and the mean (SD) 
total score for child-report and proxy-report were 74.65 (15.79) and 72.44 (16.58) 
respectively.  Similarly, UK asthma samples have the same conclusions.(Upton, Eiser, 
Cheung, et al., 2005) 
Cancer 
From the first study done in paediatric cancer which recruited 339 families of 
children aged 2 to 18 years from 2 centres in the USA, the mean (SD) total score of 
the oncology sample for child self-report was estimated to be 72.20 (16.38) and 69.70 
(19.17) for the parent proxy-report.(Varni, Burwinkle, Katz, et al., 2002)  All scale 
scores for the oncology sample has been showed to be significantly different from the 
healthy samples for both child self-report and parent proxy-report.(Varni, Seid & 
Kurtin, 2001)  Similar results were reported in 66 UK cancer survivor samples aged 8 
to 18 years using the UK-English version of PedsQL v4.(Upton, Eiser, Cheung, et al., 
2005)  Studies in sample with brain tumours and acute lymphoblastic leukaemia also 
concluded lower scores observed in patient samples. (Bhat, Goodwin, Burwinkle, et 
al., 2005; Eiser, Vance, Horne, et al., 2003; Meeske, Katz, Palmer, et al., 2004)  A 
German study which aimed to validate the German version in samples of childhood 
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cancer patients off treatment aged 2 to 20 years showed a slightly higher total score 
(Mean (SD): Self 82.6 (13.5), Parent proxy 80.4 (13.3)).(Felder-Puig, Frey, Proksch, 
et al., 2004)  However, no healthy samples have been included for comparison 
purpose in this study. 
Cardiology 
A cross-sectional study in 115 paediatric cardiology sample demonstrated 
significant differences between cardiac disease severity and the healthy samples.(J. W. 
Varni, M. Seid, T. S. Knight, et al., 2002; Varni, Seid & Kurtin, 2001)  The total 
scores were presented by degree of cardiac severity but not the total score for the 
overall samples.  Another study of 10 heart transplant recipients aged 10 to 18 years 
argued that the scores of samples (Mean total score: Self 79.1) were similar to healthy 
samples.(Pollock-BarZiv, Anthony, Niedra, et al., 2003)  However, no statistical 
testing has been performed and the sample size is fairly small. 
Diabetes 
Three hundred children with Type I or II diabetes aged 5 to 18 years reported 
significant lower scores for all scales except physical functioning and social 
functioning scores while the parents of the diabetes samples aged 2 to 18 years 
reported lower scores for all scales.(Varni, Burwinkle, Jacobs, et al., 2003)  The mean 
(SD) total scores were 80.37 (12.90) and 76.56 (14.10) for child self-report and parent 
proxy-report. However, two studies conducted in 100 and 124 diabetic children 
concluded no difference found in self-report though their parents reported significant 
lower scores compared to parents of healthy samples.(Laffel, Connell, Vangsness, et 




Lower scores in all scales have been reported in 686 children with migraine 
aged 2 to 18 years.(Powers, Patton, Hommel & Hershey, 2004)  The mean total scores 
of migraine samples and their parents were estimated to be 72.7 (14.8) and 72.8 (14.7).  
The authors concluded the same findings without presented the scores of the overall 
samples in an earlier study.(Powers, Patton, Hommel & Hershey, 2003)  However, the 
scores from the parent proxy-report were not showed.  The results of a Poland study 
in 86 children with tension headaches have been poorly presented. Instead of 
subscales and summary scales, only responses to each item of PedsQL v4 were 
reported and compared with the 135 healthy controls recruited in this study.(Talarska, 
2005) 
Obesity 
Both child and parent of 106 severely obese clinical samples reported 
significantly lower scores in all subscales compared to healthy samples. (Schwimmer, 
Burwinkle & Varni, 2003; Varni, Seid & Kurtin, 2001)  The mean (SD) total scores 
were 67.0 (16.3) for self and 63.3 (19.2) for parent.   The study also showed that the 
parent proxy-report scores were also lower than the self-report scores for most scales.  
The PedsQL v4 has also been administered in a population sample of 1,456 
elementary school children aged 9 to 12 years from the state of Victoria 
Australia.(Williams, Wake, Hesketh, et al., 2005)  The mean (SD) total scores of the 
overweight sample (Self 79.3 (12.8), Parent proxy 80 (13.6)) and obese sample (Self 
74.0 (14.2), Parent proxy 75.0 (14.5)) were slightly higher compared to the scores 
reported by severely obese samples of the USA study. 
Rheumatology 
The study of 231 children with rheumatic diseases aged 2.38 to 18.90 years 
reported significant lower scores in all subscales compared to healthy samples. (Varni, 
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Seid & Kurtin, 2001; Varni, Seid, Smith Knight, et al., 2002)  The mean (SD) total 
scores were estimated to be 72.09 (16.92) for self and 70.97 (18.49) for parents. 
Other diseases 
Several studies were conducted in other disease populations.  The mean (SD) 
total scores estimated from 47 children with acute orthopaedic conditions aged 6.7 to 
8.3 years were 78.07 (14.53) for self-report and 73.73 (15.35) for parent proxy-
report.(J. W. Varni, M. Seid, T. S. Knight, et al., 2002)  Slightly lower mean total 
scores were reported by 58 child survivors of stroke aged 2 to 18 years (Self 71.48 
(16.95), Parent proxy 72.07 (18.60)), as well as 76 children with inflammatory bowel 
disease (Self 74.18 (14.66), Parent proxy 72.65 (17.62)).(Friefeld, Yeboah, Jones & 
deVeber, 2004; Upton, Eiser, Cheung, et al., 2005)  All these studies concluded that 
the sample reported significantly lower scores compared to healthy samples.(Varni, 
Seid & Kurtin, 2001)  Eighty five children with snoring and suspected sleep-
disordered breathing aged 8 to 12 years and their parents reported much lower scores 
compared to 31 asymptomatic children aged 8 to 10 years (Mean (SD) total scores for 
obese children: Self 64.63 (18.8), Parent proxy 55.93 (16.5); Non-obese children: Self 
66.00 (18.1), Parent proxy 63.62 (19.1)).(Crabtree, Varni & Gozal, 2004)  
Comparisons of scores between 296 children referred for psychiatric problems aged 6 
to 18 years and 70 non-referred children showed that lower scores were reported by 
referred groups and their parents (Mean (SD) total scores: Self 72.2 (12.7), Parent 
proxy 66.9 (14.0)).(Bastiaansen, Koot, Bongers, et al., 2004)  No comparison with 
healthy samples has been performed for other studies in children with traumatic brain 
injury, non-diabetic paediatric non-alcoholic steatohepatitis, systemic lupus 
erythmatosus, functional gastrointestinal disorders and epilepsy.(Friefeld, Yeboah, 
Jones & deVeber, 2004; McCarthy, MacKenzie, Durbin, et al., 2005; Moorthy, 
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Harrison, Peterson, et al., 2005; Schwimmer, Middleton, Deutsch & Lavine, 2005; 
Youssef, Rosh, Loughran, et al., 2004) 
Non-disease populations 
The PedsQL v4 has also been used in non-disease populations.  Sixty nine 
children in public care aged 8 to 18 and their carers reported lower scores compared to 
662 children not in public care recruited from local schools (Mean (SD) total scores 
for children in public care: Self 78.30 (14.72), Parent proxy 76.72 (14.39); Control: 
Self 85.53 (11.47), Parent proxy 84.58 (11.18)).(Upton, Maddocks, Eiser, et al., 2005)  
Consistent with previous finding, the parent proxy-report of PedsQL v4 in 317 
children aged 2 to 18 years, members of a managed care health plan with prospective 
payment participated in a 2-year longitudinal study showed chronically ill children 
had lower scores than healthy children (Mean (SD) total scores: Chronically ill 79.26 
(16.66), Healthy 86.82 (11.29)).(Seid, Varni, Segall & Kurtin, 2004)  Three hundred 
and ninety nine children in food insecure household also reported significant lower 
scores compared to those in food secure household (Mean (SD) total scores for 




Table 6 - 1 Studies using PedsQL v4 





Sample size Age range Language of 
questionnaire 
      
      
Arthritis      
Australia  
(Sawyer, Whitham, Roberton, 






59 child-parent dyads 8 to 18 USA English 
USA  
(Brunner, Klein-Gitelman, 
Miller, et al., 2004) 
 







68 child-parent dyads 8 to 12 Not specify 
      
Asthma      
USA  





404 children (401 child-
parent dyads ; 125 parents) 




      
USA 




99 children (74 child-parent 
dyads) 
8 to 18 English 
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Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Cancer      
USA  




220 children (190 child-
parent dyads; 147 parents) 
2 to 18 English, Spanish 
      
USA  
(Bhat, Goodwin, Burwinkle, 





117 children (108 child-
parent dyads ; 17 parents) 
11.8 (5.4) English, Spanish 
      
USA 
 (Upton, Eiser, Cheung, et al., 
2005) 
 
Cancer survivor Cross 
sectional 
66 children (61 child-parent 
dyads) 
8 to 18  English 
      
UK  










68 child-parent dyads (45 
ALL, 23 CNS) 
ALL: 13.5 (3.2); 
CNS: 13.7 (3.1) 
English 




Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Cancer      
USA  
(Meeske, Katz, Palmer, et al., 
2004) 
 
Parent of children 




256 child-parent dyads 2 to 18 English, Spanish 
Austria  
(Felder-Puig, Frey, Proksch, 
et al., 2004) 
Cancer Cross 
sectional 
126 children 2 to 20 German 
      
Cardiology      
USA  
(J. W. Varni, M. Seid, T. S. 






2.1 to 18.6 English, Spanish 
      
Canada  
(Pollock-BarZiv, Anthony, 
Niedra, et al., 2003) 
Heart transplantation Cross 
sectional 
10 children 10 to 18 English 




Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Diabetes      
USA  
(Varni, Burwinkle, Jacobs, et 
al., 2003) 
 




300 children (279 child-
parent dyads; 29 parents) 
2 to 18 Not specify 
      
USA 
(Laffel, Connell, Vangsness, 
et al., 2003) 
Type 1 diabetes Cohort 100 child-parent dyads 8 to 17 Not specify 
      
UK 




124 children (103 child-
parent dyads) 
8 to 18 English 




Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Headaches      
USA  





686 child-parent dyads 2 to 18 Not specify 
USA  





572 children 2 to 18 Not specify 
USA  
(Talarska, 2005) 
Tension headaches Cross 
sectional 
86 children 14 to 18 Not specify 
      
Obesity      
USA  
(Schwimmer, Burwinkle & 
Varni, 2003) 
 
Severely obese Cross 
sectional 
106 children 5 to 18 Not specify 
Australia  







1,456 children 9 to 12 Not specify 
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Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Rheumatology      
USA  
(J. W. Varni, M. Seid, S. T. 




231 children (204 child-
parent dyads; 40 parents) 
 
2.4 to 18.9 English, Spanish 
      
Other diseases      
USA  
(J. W. Varni, M. Seid, T. S. 
Knight, et al., 2002) 
 
Orthopaedics Cohort 47 children 
 
2.1 to 18.6 English, Spanish 
 
     
Canada  





58 children (57 child-parent 
dyads; 42 parents;) 
2 to 18 English 
USA  






44 Obese Snoring, 41 Non-
obese Snoring, 31 controls 
Obese: 10.1 (1.5); 
Non-obese: 10.2 
(1.4); Control: 9.6 
(0.9) 
Not specify 
      
155 
 
Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Other diseases      
The Netherland  
(Bastiaansen, Koot, Bongers, 




296 children (293 child-
parent dyads; 14 parents) vs. 
70 control (69 child-parent 
dyads; 4 parents) 
Patients: 6 to 18; 
Control: 7 to 18 
Dutch 
      
UK 






76 children (67 child-parent 
dyads) 
8 to 18 English 
      
USA  
(McCarthy, MacKenzie, 




Cohort  391 parents 5 to 15 English 
USA  
(Schwimmer, Middleton, 






Cohort 10 child-parent dyads 8 to 17 English, Spanish 
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Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Other diseases      
USA  
(Moorthy, Harrison, Peterson, 






24 patients (19 child-parent 
dyads) 
9 to 18 Not specify 
USA  






Cohort 18 children 8.2 to 17.5 Not specify 
      
Non-disease      
UK  
(Upton, Maddocks, Eiser, et 
al., 2005) 




69 child-parent dyads vs. 
662 control child-parent 
dyads 
8 to 18 Not specify 





Table 6 - 1 Studies using PedsQL v4 (continued) 





Sample size Age range Language of 
questionnaire 
      
      
Non-disease      
USA  
(Seid, Varni, Segall & Kurtin, 
2004) 
 
Managed care health 
plan 
Cohort 317 parents 2 to 18 English, Spanish 
      
USA  






399 children 3 to 17 Not specify 
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Dear Parent / Guardian, 
 
We will also be examining the health-related quality of life in myopic and non-
myopic teenagers in Singapore. We would appreciate it if you could complete this 
questionnaire (PedsQL™) about your child’s health-related quality of life. It is not a 
test, and there are no right or wrong answers.  Please be sure to read the instructions 
carefully and choose the response that is the closest to how you truly feel. All data 




The following explanations might help you in answering the questions in 
PHYSICAL FUNCTIONING: 
• Q1: “One block” refers to an actual distance of about 80-160 metres. 
• Q8: “Low energy level” refers to don’t feel energetic. 
 
 
Please return the completed questionnaire in the enclosed self-addressed pre-paid 
envelope by ________________________________________. Alternatively, you can 
return it by Fax: 6779 1489 or Email: g0500573@nus.edu.sg. For any enquires about 
this questionnaire, please contact Ms Wong Hwee Bee at Tel: 9855 8755 during office 
hour (Monday to Friday, 9am to 5pm) or Email: g0500573@nus.edu.sg. 
 
Thank you very much for your cooperation and assistance in this endeavour. 
 
With best wishes, 
 
 
A/Prof Saw Seang Mei        
Associate Professor 
Department of Community, Occupational and Family Medicine 
















• 题 1：“一 个街口” 是指  80-160公尺的距离。 




您也可将填好的问卷电传至 6779 1489 或电邮至 g0500573@nus.edu.sg。如您有任何关
于这个问卷的疑问，请在办公时间(周一至周五, 上午九时至下午五时) 致电 9855 8755 














Paediatric Quality of Life Inventory  
(Version 4.0) 




On the following page is a list of things that might be a problem for your 
teen. 
Please tell us how much of a problem each one has been for your teen 
during the past ONE month by circling: 
 
 For example:   0    if it is never a problem 
1    if it is almost never a problem 
2    if it is sometimes a problem 
3    if it is often a problem 
4    if it is almost always a problem 
 
There are no right or wrong answers. 
If you do not understand a question, please ask for help. 
 
 
                                               
1




0. Please tell us about your relationship with this teenager 






5. Others, please specify __________________ 
 
In the past ONE month, how much of a PROBLEM has your teen had 
with … 








1.   Walking more than one block 0 1 2 3 4 
2.   Running 0 1 2 3 4 
3.   Participating in sports activity or exercise 0 1 2 3 4 
4.   Lifting something heavy 0 1 2 3 4 
5.   Taking a bath or shower by him or herself 0 1 2 3 4 
6.   Doing chores around the house 0 1 2 3 4 
7.   Having hurts or aches 0 1 2 3 4 
8.   Low energy level 0 1 2 3 4 
 
EMOTIONAL FUNCTIONING 







9.   Feeling afraid or scared 0 1 2 3 4 
10. Feeling sad or blue 0 1 2 3 4 
11. Feeling angry 0 1 2 3 4 
12. Trouble sleeping 0 1 2 3 4 
13. Worrying about what will happen to him or her 0 1 2 3 4 
 








14. Getting along with other teens 0 1 2 3 4 
15. Other teens not wanting to be his or her friend 0 1 2 3 4 
16. Getting teased by other teens 0 1 2 3 4 
17. Not able to do things that other teens his or her age 
can do 0 1 2 3 4 
18. Keeping up with other teens 0 1 2 3 4 
 








19. Paying attention in class 0 1 2 3 4 
20. Forgetting things 0 1 2 3 4 
21. Keeping up with schoolwork 0 1 2 3 4 
22. Missing school because of not feeling well 0 1 2 3 4 
23. Missing school to go to the doctor or hospital 0 1 2 3 4 
 
- Thank you – 
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 例如:   0   如果这从未是个问题 
1   如果这几乎从未是个问题 
2   如果这有时是个问题 
3   如果这经常是个问题 





                                               
1








生理机能 (...有问题) 从未 几乎从未 有时 经常 几乎总是 
1．  步行超过一个街口 0 1 2 3 4 
2．  跑步 0 1 2 3 4 
3．  参加体育活动或运动 0 1 2 3 4 
4．  举起某些重物 0 1 2 3 4 
5．  自行洗澡 0 1 2 3 4 
6．  做家务杂事 0 1 2 3 4 
7．  受伤或疼痛 0 1 2 3 4 
8．  精力不充沛 0 1 2 3 4 
 
情绪机能 (...有问题) 从未 几乎从未 有时 经常 几乎总是 
9．  感到害怕或恐惧 0 1 2 3 4 
10．感到伤心或忧郁 0 1 2 3 4 
11．感到愤怒 0 1 2 3 4 
12．睡眠有问题 0 1 2 3 4 
13．担心将有事情会发生在他的身上 0 1 2 3 4 
 
社交机能 (...有问题) 从未 几乎从未 有时 经常 几乎总是 
14．与其他青少年相处 0 1 2 3 4 
15．其他青少年不想和他交朋友    0 1 2 3 4 
16．被其他青少年取笑  0 1 2 3 4 
17．无法做其他同龄青少年所能做的事 0 1 2 3 4 
18．跟得上其他青少年的行为与想法 0 1 2 3 4 
 
学校生活机能 (...有问题) 从未 几乎从未 有时 经常 几乎总是 
19．在教室里注意听课 0 1 2 3 4 
20．忘记事情 0 1 2 3 4 
21．跟得上学校的作业 0 1 2 3 4 
22．因身体不适而缺课 0 1 2 3 4 
23．因看医生或去医院而缺课 0 1 2 3 4 
 
-谢谢- 






5． 其他, 请说明: _________________ 
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Appendix 5 English version of PedsQL v4 child self-report1 
  
     TM 
PedsQL 








On the following page is a list of things that might be a problem for 
you. Please tell us how much of a problem each one has been for 
you during the past ONE month by circling: 
 
0 if it is never a problem 
1 if it is almost never a problem 
2 if it is sometimes a problem 
3 if it is often a problem 
4 if it is almost always a problem 
 
There are no right or wrong answers. 
If you do not understand a question, please ask for help. 
 
The following explanations might help you in answering the 
questions in PHYSICAL FUNCTIONING: 
 
• Q1: “One block” refers to an actual distance of about 80-160 
metres. 
 
• Q6: “Doing chores” refers to helping out at home. 
 
• Q8: “Low energy level” refers to don’t feel energetic. 
 
                                               
1
 Reprinted with permission from Dr James W. Varni., Copyright (1998-2012). 
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In the past ONE month, how much of a problem has this been for you … 
 
ABOUT MY HEALTH AND ACTIVITIES 







1. It is hard for me to walk more than one block 0 1 2 3 4 
2. It is hard for me to run 0 1 2 3 4 
3. It is hard for me to do sports activity or exercise 0 1 2 3 4 
4. It is hard for me to lift something heavy 0 1 2 3 4 
5. It is hard for me to take a bath or shower by myself 0 1 2 3 4 
6. It is hard for me to do chores around the house 0 1 2 3 4 
7. I hurt or ache 0 1 2 3 4 
8. I have low energy 0 1 2 3 4 
 





9. I feel afraid or scared 0 1 2 3 4 
10. I feel sad or blue 0 1 2 3 4 
11. I feel angry 0 1 2 3 4 
12. I have trouble sleeping 0 1 2 3 4 
13. I worry about what will happen to me 0 1 2 3 4 
 
HOW I GET ALONG WITH OTHERS 







14. I have trouble getting along with other teens 0 1 2 3 4 
15. Other teens do not want to be my friend 0 1 2 3 4 
16. Other teens tease me 0 1 2 3 4 
17. I cannot do things that other teens my age can do 0 1 2 3 4 
18. It is hard to keep up with my peers 0 1 2 3 4 
 





19. It is hard to pay attention in class 0 1 2 3 4 
20. I forget things 0 1 2 3 4 
21. I have trouble keeping up with my schoolwork 0 1 2 3 4 
22. I miss school because of not feeling well 0 1 2 3 4 
23. I miss school to go to the doctor or hospital 0 1 2 3 4 
 




Appendix 6 Published manuscript entitled “Visual impairment and its impact on 
health-related quality of life in adolescents”1 
 
                                               
1
 Reprinted from American Journal of Ophthalmology, 147(3), Wong, H. B., Machin, D., Tan, S. B., 
Wong, T. Y. & Saw, S. M., “Visual impairment and its impact on health-related quality of life in 





















Appendix 7 Published manuscript entitled “Ocular component growth curves 
among Singaporean children with different refractive error status”1 
 
                                               
1
 Reprinted from Investigative Ophthalmology & Visual Science, 51(3), Wong, H. B., Machin, D., Tan, 
S. B., Wong, T. Y. & Saw, S. M., “Ocular component growth curves among Singaporean children with 
different refractive error status”, 1341-47, Copyright (2010), with permission from Association for 





















Appendix 8 Published manuscript entitled “The effect of body mass on health-
related quality of life among Singaporean adolescents: results from the 
SCORM study”1 
 
                                               
1
 Reprinted from Quality of Life Research, 19(2), Ostbye, T., Malhotra, R., Wong, H. B., Tan, S. B. & 
Saw, S. M., “The effect of body mass on health-related quality of life among Singaporean adolescents: 
results from the SCORM study”, 167-76, Copyright (2010), with permission from International Society 






























Appendix 9 Published book chapter entitled “Quality of life and myopia”1 
 
                                               
1Reprinted from http://ebooks.worldscinet.com/ISBN/9789812832986/9789812832986.html,            
Lamoureux, E. L. & Wong, H. B. “Chapter 2.1: Quality of life and myopia. In: Beuerman, R.W., Saw, 
S.M., Tan, D. T. & Wong, T.Y. (eds), Myopia: Animal models to clinical trials”, 83-87, Copyright 





































Appendix 10 Submitted manuscript entitled “Are there changes in refraction and 






























































































Appendix 11 Program codes 
This appendix provides a description of the important functions in STATA 
that were used for the analyses.  The syntax, descriptions and example codes for each 
function are given. 
 
Function 1 Table of summary statistics 
Syntax : tabstat 
 
Description : This command displays summary statistics for a series of numeric 
variables in one table, possibly broken down on (conditioned by) 
another variable 
 
Code : tabstat al_*, by(regrp) statistics(n mean sd median min max) 
 
  This code displays the count, mean, SD, median, minimum and 
maximum of AL at age 6, 7, 8, 9, 10, 11 and 12 years old 
 
Function 2 One-way analysis of variance 
Syntax : oneway 
 
Description : This command reports one-way analysis-of-variance (ANOVA) 
models and performs multiple-comparison tests 
 
Code : oneway al_6 regrp, tabulate bonferroni 
 
  This code fits one-way ANOVA models to AL at age 6.  The mean 
AL between the five refractive error groups will be compared and it 
reports the results of a Bonferroni multiple-comparison test. 
 
Function 3 Pairwise correlation coefficients 
Syntax : pwcorr 
Description : This command displays all the pairwise correlation coefficients 
between the variables 
 
Code : pwcorr al_6 al_7 al_8 al_9 al_10 al_11 al_12 
 
  This code displays all the pairwise correlation coefficients between 




Function 4 Correlation matrix or covariance matrix  
Syntax : correlate 
Description : This command displays the correlation matrix or covariance matrix 
for a group of variables or for the coefficients of the most recent 
estimation 
  
Code : correlate al_6 al_7 al_8 al_9 al_10 al_11 al_12 
 
  This code generates the correlation matrix for AL measured at age 
6, 7, 8, 9, 10, 11 and 12 years. 
 
Function 5 Matrix graphs 
Syntax : graph matrix 
 
Description : This command draws scatterplot matrices 
 
Code : graph matrix al_*, half msymbol(point) mcolor(gray) 
 
  This code draw the lower triangle only of the correlation matrix for 
AL measured at age 6, 7, 8, 9, 10, 11 and 12 years. 
 
Function 6 Two-way scatter plots 
Syntax : scatter 
 
Description : This command draws scatter plots and it is the mother of all the 
twoway graphs in STATA, such as line and linear prediction plots 
 
Code : twoway (scatter al ageyr if random10 == 1 & regrp == 1, 
msymbol(oh) connect(ascending) mcolor(gray) lcolor(gray) 
ytitle(Axial Length (mm)) ylabel(20 (2) 28) xtitle(Age (years)) 
xlabel(6 (1) 13) legend(off) title(PH) name(PH)) 
 
  This code produce a scatter plot of AL and age (in years) of 10 
randomly selected children with persistent myopia.  The points are 
connected using lines for each child. 
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Function 7 LOWESS smoothing 
Syntax : lowess 
 
Description : This command carries out a locally weighted regression of outcome 
on covariate, displays the graph, and optionally saves the smoothed 
variable 
 
Code : lowess al ageyr 
 
  This code performs locally weighted regression of AL on age (in 
years). 
 
Function 8 Symmetric nearest neighbour smoothing 
Syntax : running 
 
Description : This command smooths outcome on covariates. By default the 
smoothed version is a running line: a running mean is also available 
 
Code : running resbestPE ageyr if regrp == 5, ci plot(line yzero ageyr, 
clcolor(black)) scatter(msymbol(circle_hollow) mcolor(gray) 
msize(small) ytitle(Residual (mm)) xtitle(Age (years)) xlabel(6 (1) 
13)) generate(resbestPEfit) gense(resbestPEfitSE) 
 
  This code plots the raw and smoothed residuals with 95% CI 
obtained from a locally linear (running-line) smoother.  The 
residuals are generated from the best-fitting FP model for AL of the 
children with persistent emmetropia. 
 
Function 9 Population-average panel-data models fitted by GEE 
Syntax : xtgee 
 
Description : This command fits population-averaged panel-data models.  In 
particular, it fits general linear models and allows you to specify the 
within-group correlation structure for the panels 
 
Code : xtgee al ageyr if regrp == 5, i(sno) adjust(no) 
 





Function 10 Functional polynomial regression 
Syntax : fracpoly 
 
Description : This command fits fractional polynomials (FPs) in continuous 
covariates 
 
Code : fracpoly xtgee al ageyr if regrp == 5, i(sno) adjust(no) compare log 
vce(robust) 
 
  This code fits a population-averaged panel-data model for the AL of 
children with persistent emmetropia, by GEE and FP functions.  
The robust variance estimator (Huber/White/sandwich estimator) 
will be used.  The iteration log and comparison of models by degree 
will be displayed. 
 
Function 11 Multilevel mixed-effects linear regression 
Syntax : xtmixed 
 
Description : This command fits linear mixed models.  Mixed models are 
characterised as containing both fixed effects and random effects.  
The fixed effects are analogous to standard regression coefficients 
and are estimated directly.  The random effects are not directly 
estimated but are summarized according to their estimated variances 
and covariances.  Random effects may take the form of either 
random intercepts or random coefficients, and the grouping 
structure of the data may consist of multiple levels of nested groups.  
The error distribution of the linear mixed model is assumed to be 
Gaussian 
Code : xi: xtmixed al i.regrp*z1 i.regrp*z2 ht i.gender i.faedu i.fmrace || 
sno:, mle 
 
  This code fits a linear mixed model via maximum likelihood for AL 
adjusting for refractive error groups, gender, father’s highest 
education level and ethnicity. 
 
Function 12 Logistic regression 
Syntax : logistic 
 
Description : This command fits a logistic regression model of outcome on 
covariates and displays estimates as odds ratio 
 
Code : logistic hvi age2006 
 
  This code fits a logistic regression model of presenting BEVI on 




Function 13 Linear regression 
Syntax : regress  
 
Description : This command fits a linear regression model of outcome on 
covariates 
 
Code : xi:regress ctotal i.hvi1 age2006 i.gender i.fmrace i.faedu 
i.medothgp1 
 
  This code fits a linear regression model of child self-reported total 
score adjusting for age (in years) in year 2006, gender, ethnicity, 
father’s highest education level and current medical conditions. 
 
Function 14 Cronbach’s alpha 
Syntax : alpha 
 
Description : This command computes the inter item correlations or covariances 
for all pairs of covariates and Cronbach's alpha statistic for the scale 
formed from them 
 
Code : alpha pq1 pq2 pq3 pq4 pq5 pq6 pq7 pq8 
 
  This code reports the Cronbach’s alpha of item 1 to 8 in parent 
proxy-report of PedsQL v4. 
 
Function 15 Large one-way ANOVA, random effects, and reliability 
Syntax : loneway 
 
Description : This command fits one-way ANOVA models on datasets with many 
levels of covariates and presents different ancillary statistics from 
oneway 
 
Code : bysort hvi: loneway total person 
 
  This code produces the intraclass correlation coefficient in total 
score between child and parent proxy, broken down by those with 




Function 16 Bland-Altman plot 
Syntax : baplot 
 
Description : This command produces Bland-Altman plots, that is, plots of the 
difference of paired variables versus their average 
 
Code : baplot ctotal ptotal, avlab("Average: Child vs. Parent-proxy") 
difflab("Difference: Child vs Parent-proxy") xlabel(40 (10) 100) 
ylabel(-50 (10) 50) 
 
  This code produces the Bland-Altman plot for the total score 
reported by children and their parent proxy. 
 
 
